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HISTOLOGICAL DEVELOPMENT OF "ACCESSORY BLADE" 
AND ASSOCIATED ABNORMALTIES IN MAIZE1 
JOHN E. SASS A ND G. F. SPRAGUE' 
From the Botan y and Plant Patholorm Section and the Agronomy Section, 
Iowa Experiment Station 
Received June 10, 1949 
Morphological characters of the seedling are useful in some genetic 
studies in maize. Large populations can be grown in relatively small 
space and with little labor, and the early expression of suitable seedling 
characters permits early classification of a population. Some seedling 
characters are included in a summary of heritable characters in maize 
by Emerson, Beadle, and Frazer (2) . Very little histological information 
is available concerning unusual characters of the embryo, seedling, o;.· 
mature plant. Bryan and Sass (1) described a leaf abnormality that may 
well be re-examined in the embryo and seedling. Many other embryo 
and seedling characters that have been noted by breeders deserve 
morphological study. 
One of the selfed progenies from FPI No. 4565, introduced from 
Chosen (Korea) in 1931, has been used in the present studies . .In this 
stock, some seedlings become contorted during emergence. Such seed-
lings -.resemble the twisted seedlings (tw) described by Kvakan (3). 
Some seedlings bear a supernumerary "strap" leaf, dorsal to the first 
leaf. The coleoptile may develop a green, leafy blade on one margin, and 
the first two foliage leaves may bear accessory laminae. Displacement 
of leaves from normal phyllotaxy has also been noted. 1 
Seedling abnormality is inherited as a simple recessive, but linkage 
relations have not been estab\j.shed. The proposed symbols Ab, ab, are 
derived from "accessory blade," one of the expressions of the abnormal-
ity. Classified on the basis of gross morphology, segregating populations 
of the homozygous recessive type regularly exhibit deficient ratios of 
mutant type. The histological data furnish a possible explanation for 
the deficient ratios; however the present report deals primarily with 
the developmental histology of the described abnormalities. 
'Contribution from the Iowa Agricultural Experiment Station in co peration 
with the Division of Cereal Crops and Diseases, Bureau of Plant Industry, Soils, and 
Agricultural Engineering, Agricultural Research Administration, U. S. Dept. of Agri-
culture. Journal Paper No. J-1575 of the Iowa Agricultural Experiment Station, 
Project 182. 
2 Research Professor, Botany and Plant Pathology Section, Iowa Agricultural 
"Experiment Station, Agent, Division of Cereal Crops and Diseases; and Senior 
Agronomist, Division of Cereal Crops and Diseases, Collaborator Agronomy Section, 
Farm Crops Subsection, Iowa;:1\gricultural ExperimE)nt Station, respectively. 
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MATERIALS AND METHODS 
Collections of kernels made at the stated intervals after pollination 
were processed, sectioned and stained by the dioxan-normal butyl alcohol 
process described by Sass ( 4). The method used for the study of mature, 
dormant embryos, to be described in detail in a later report, consists 
essentially of soaking the kernels under controlled conditions, removing 
the embryo, and processing as above. The desired parts of seedlings were 
prepared by the usual paraffin method. 
OBSERVATIONS 
Seedlings begin to exhibit abnormalities as soon as the coleoptile 
has grown to full height above the soil line. Leaves fail to emerge from 
some coleoptiles, and such. seedlings shrivel and die in about a week. 
Some seedlings produce one foliage leaf of normal size and structure, 
but no additional leaves emerge. As the normal seedlings of a population 
put forth successive leaves, the extent of suppression of leaf formation 
becomes evident in the abnormal seedlings. All gradations from leafless 
coleoptiles to normal plants occur in a population. 
The strap leaf emerges soon after the first foliage leaf. When the 
seedling has two emerged leaves, the narrow, green strap leaf may be 
almost as long as the first leaf (Fig. 1) . The green leafy blade that 
develops on some coleoptiles is also well define4 at this age. (Fig. 2) . 
FIGS. 1-3.-Seedlings of maize 15 days after emergence. FIG. 1.-Seedling with 
two normal foliage leaves and a well-developed "strap" leaf, on left side in illustration. 
FrG. 2.-Seedling with two normal foliage leaves. The coleoptile has a green leaf-like 
blade along one edge. FIG. 3.-Seedling with highly contorted leaves and coleoptile. 
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Seedlings that have much coalescence between members become con-
torted in varying degrees (Fig. 3). The survival of such seedlings is 
roughly proportional to the degree of malformation; however no 
accurate data are available concerning the longevity of abnormal seed-
lings. The previously mentioned aberrations of phyllotaxy and the 
accessory laminae on the seminal leaves also require quantitative study. 
The first histological evidence of abnormal organogeny is the initia-
tion of the strap leaf. This is detectable in embryos collected fifteen 
days after pollination. In typical embryos of that age, the plumule, 
encased by the coleoptile, consists of the dome-shaped apical meristem, 
the small sub-terminal primordium of the second leaf, and the larger 
first leaf. The coleoptile is still open on the anterior side (Figs. 9 and 
10). Some embryos have a zone of deeply stainable cells at the coleoptile 
node, on. the anterior side of the embryo. This zone is the place of 
initiation of the strap leaf (Fig. 10). 
Twenty days after pollination, a distinct primordium is evident 
at the base of the coleoptile (Figs. 4 and 5). This primordium resembles 
a leaf primordium in transverse and longitudinal aspects, and in its 
method of growth by meristematic activity of its margin. A procambium 
strand connecting the primordium and the axis is evident in twenty-five-
day-old embryos (Fig. 6) . The strap leaf may be attached on one side of 
the free arc of the axis (Fig. 11) , or the attachment may extend across 
the arc. Figures 11 and 12 show a strap-leaf primordium at the base 
and at the free upper portion, respectively. This primordium has a length 
of 96µ. 
Continued growth of the strap leaf, confined between the coleoptile 
and the expandirig first foliage leaf, commonly results in folding of one 
or both edges of the strap leaf (Figs. 7, 14, and 16). Figure 16A shows 
the section of the strap leaf 190µ above the section shown in Figure 16. 
Procambium strands become well defined in the strap leaf in thirty days. 
Further development follows the pattern of a foliage leaf. 
In some thirty-day-old embryos the strap leaf primordium develops 
ridged corrugations, and does not produce a leafy lamiiia. Figure 15 
shows a section taken 60µ above the section shoWn in Figure 18. Another 
thick, crenate primordium, sectioned near its base, is shown in Figure 17. 
The presence of the strap leaf may be associated with the inhibition 
of the formation of seminal leaves. Thirty days after pollination, normal 
embryos have three seminal leaves, and in some embryos a very small 
primordium of the fourth leaf may be present. An embryo that has a 
strap leaf may have three s minal leaves (Fig. 14); however such 
embryos most commonly have two leaves (Fig. 13), and in some 
embryos only one seminal leaf is present (Fig. 16). These illustrations 
represent progressively earlier suppression of leaf formation during 
embryo development. 
The relative positions of successive seminal leaves is abnormal in 
some embryos. In Figure 20, the first leaf is in normal position. The 
second leaf is on the same side of the axis as the first leaf, a displacement 
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Fee. 4.-Plumule-radicle axis in kernel, 20 days after pollination. The primordium 
of the strap leaf is indicated by the arrow. 50x. FIG. 5.-Detail of strap leaf 20 days 
after pollination. 280x. Fie. 6.-Strap leaf 25 days after pollination. 280x. Fee. 7.-
Cross section of plumular axis 30 days after pollination. Three foliage leaves and a 
reflexed strap leaf are present. 42x. Fee. 8.-Cross section of plumular axis of embryo 
extracted from mature, dormant kernel. Extensive fusion of leaves and coleoptile is 
evident. 42x. (See Figs. 9-29 for identification of parts.) 
of 180 degrees. This places the second leaf directly above the first, a 
condition that is strikingly evident in plants in the field. 
Abnormal development of the scutellum occurs in this stock of 
maize. In a normal embryo the anterior edges of the scutellum overlap 
and enclose the axis (Figs. 7, 8, and 14). In abnormal embryos, meri-
stematic activity of the edges of the scutellum may be inhibited, whereas 
the mass of the scutellum continues to enlarge. The malformed scutellum 
thus fails to envelop the more or less normal plumule-radicle axis 
(Figs. 19, 21, and 22). 
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The most extreme malformation found in this stock involves the 
scutellum, the coleoptile, and the seminal leaves of the same embryo. 
Fusion of the coleoptile with a malformed foliage leaf may occur, asso-
ciated with suppression of further leaf initiation, and also associated with 
the abnormal scutellar development described above. Figure 22 shows 
an embryo that has only one foliage leaf, developed in the form of a 
sheath. At a comparable level, a normal leaf has a well developed 
lamina with rapidly growing, overlapped edges. Abnormal extension 
of the leaf sheath accounts for the tubular appearance of the emerging 
plumule of some plants, for which the term "onion leaf" has been used. 
In the embryo shown in Figure 22, the leaf is confluent with the coleop-
tile in two regions. This coalescence makes it difficult for the leaf to 
emerge from the coleoptile and accounts for the contorted condition of 
some seedlings. It is possible that such seedlings do not emerge from 
the soil in the conventional field plantings. 
Abnormal acceleration of meristematic activity occurs on the margins 
of the coleoptile of some embryos. Normally, the anterior edges of the . 
coleoptile come into contact and cease growth twenty days after pollina-
tion. In abnormal seedlings, one edge may become meristematic and 
develop a leaf-like lamina. Figures 23, 24, and 25 show an embryo 
sectioned at three levels. At the upper level, (Fig. 23), the coleoptile 
is open, and one edge has developed an involute blade that has the 
typical vascularization and tissue systems of a leaf blade. One foliage 
leaf is evident at this level. At the level of the stem tip, (Fig. 25), the 
coleoptile exhibits the normal closure, and the large foliage leaf is 
adnate to the coleoptile. The primordium of the second foliage leaf has 
developed on the stem. An intermediate level (Fig. 24) shows the 
partial adnation of the foliage leaf and the coleoptile. The leafy edge 
of the coleoptile develops chlorophyll after emergence, but it does not 
grow beyond the relative size shown in Figure 2. 
Thirty-five days after pollination, an additional abnormality becomes 
evident in some embryos. The first seminal leaf, which may be normal 
in other respects, may bear a blade-like outgrowth on its inner (ventral) 
surface (Fig. 27). This "accessory blade" arises by the reactivation of 
a vertical strip of tissue, which functions like the marginal meristem 
of a growing leaf. The free upper portion of the accessory blade is 
shown in Figure 27, and the attachment to the first leaf at a lower 
level is shown in Figure 27 A. The same embryo also has a strap leaf 
on the side toward the scutellar edges. 
Mature, dormant embryos exhibit the foregoing abnormalities in 
varying degrees and combinations. Normal embryos of this line have 
five foliage leaves during dormancy. The presence of a strap leaf may 
be associated with a reduction in the number of foliage leaves, displace-
ment of phyllotaxy, and adnation of leaves with each other and with 
the coleoptile (Fig. 26) . 
The external appearance of seedling abnormalities has been de-
scribed earlier in this paper. The histological details of seedling abnormali-
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FIG. 9.-Median longitudinal section of kernel showing relative size of the embryo 
15 days after pollination. 7x. FIG. 10.- Plumule of 15-day embryo, arrow indicates 
place of initiation of strap leaf. 33x. FIG. 11.-Transverse section of coleoptile node, 
with strap leaf partly free from the axis, 25 days. 33x. FIG. 12.-Free tip of strap leaf 
above· node of first foliage leaf, 25 days. 33x. FIG. 13.-Section at level of stem tip, 
showing two normal foliage leaves, 30 days. 33x. FIG. 14.-Strap leaf and three normal 
seminal leaves, 30 days. 33x. FIG. 15.-Corrugated primordia in the position where 
strap leaf may occur, 30 days. 33x. FIG. 16.-Strap leaf and only one seminal leaf 
present at 30 days. The upper end of strap leaf shown in transverse section at A. 33x. 
FIG. 17.- An exceptionally thick, crenate primordium in position of strap leaf, 30 days. 
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ties represent further development of the conditions that were established 
during embryogeny. Three weeks after emergence from the soil, normal 
seedlings of this stock commonly have seven or eight emerged leaves. 
Only the two basal leaves, which are seminal leaves, were found to 
have abnormalities. Figure 29 illustrates coalescence between the first 
and second leaves. A distorted accessory blade occurs at the region 
of coalescence, and one margin of the first seminal leaf is folded 
inward. In another seedling, a section cut a considerable distance above 
the stem tip (Fig. 28) shows two contorted accessory laminae on the 
tubular first leaf. The second leaf is aborted on one margin and has 
three blades on the other margin. The subsequent leaves seem to be 
normal. The classification and incidence of the types and degrees of 
abnormality, and the longevity of the abnormal seedlings require further 
study. 
DISCUSSION 
The morphological abnormalities of this stock of maize are the 
result of either suppression or hyperactivation of meristems, involving 
the marginal and basal meristems of foliar organs, as well as the massive 
apical meristems of the axis. There is no consistent relation between the 
category of the organ involved and the nature of the aberration. The 
apical meristems and the margins of the scutellum exhibit only suppres-
sion, the margin of the coleoptile is subject only to hyperactivity, and 
the marginal meristems of the foliage leaves may have either suppression 
or hyperactivity. The controls that normally initiate and terminate 
meristematic activity, and govern the orderly sequence of organogeny, 
are obviously out of balance. The available evidence gives no clue to any 
physiological basis for these abnormalities.' 
The mode of inheritance of the diverse abnormalities will be clari-
fied by further study of criteria of ·classification. There is little doubt 
that in conventional field plantings many seedlings do not emerge from 
the ground and are missed in classification. Short-lived seedlings may 
also be missed. There is evidence that some embryos may not emerge 
from the kernel, and thus escape detection. Further embryological 
studies now in progress will afford a more complete classification of 
populations and permit genetic analysis. 
SUMMARY 
A stock of maize derived from an introduction from Chosen (Korea), 
exhibits morphological abnormalities of the embryo' and seedling. The 
33x. FIG. 18.-Section 60µ below Fig. 15. FIG. 19.-Section of entire embryo showing 
relative size of plumule and malformed scutellum, 30 days. 13x. FrG. 20.-Embryo with 
two successive leaves on the same side of the axis, 30 days. 33x. FIG. 21.-Detail of 
plumule and aborted edges of coleoptile. 33x. FIG. 22.- Coalescence between coleoptile 
and first leaf. Embryo has only one leaf. The scutellar edges are aborted, 30 days. 33x. 
(Legend: PE, pericarp; EN, endosperm; EM, embryo; ST, stem; CO, coleoptile; 
SC, scutellum; SL, strap leaf; AB, accessory blade; L,, L,, Li, first, second, and third 
foliage leaves, respectively.) 
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FIGS. 23, 24, 25.- Successive sections of plumule showing involute leafy blade 
of coleoptile, coalescence of first leaf with coleoptile, and presence of only two seminal 
leaves; 30 days. 33x. FIG. 26.~Plumule of mature, dormant embryo with strap leaf and 
with accessory blade on first seminal leaf. 33x. FIG. 27.-Strap leaf and accessory 
blade of 35-day embryo. FIGS. 28,29.-Sections of two seedlings, 21 days after emer-
gence. Accessory blades, fusion between leaves, and the tubular condition of the first 
leaf are shown. 15x. (Legend: PE, pericarp; EN, endosperm; EM, embryo; ST, stem; 
CO, coleoptile; scutellum; SL, strap leaf; AB, accessory blade; In, L.,, L,, first, 
second, and third foliage leaves, respectively.) 
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following abnormalities occur singly or in random combinations, and in 
varying degrees. 
(1) A supernumerary "strap" leaf develops at the base of the 
dorsal side of the first seminal leaf. 
(2) Accessory laminae develop on the edges or on the ventral 
surface of the first two seminal leaves. 
(3) The first two seminal leaves are adnate with each other and 
with the coleoptile, and the sheath of the first leaf becomes greatly 
extended vertically. 
( 4) Two successive kaves arise on the same side of the axis. 
(5) The apical meristem of the plumule becomes aborted after the 
formation of one or more seminal leaves. 
(6) The distal edge of the coleoptile develops a vasculated, green, 
leaf-like lamina. 
(7) The anterior edges of the scutellum cease to grow and the 
scutellum fails to enclose the axis. 
Abnormality is inherited as a recessive. The symbols Ab, ab, are 
proposed, referring to "accessory blade." 
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LIFE HISTORY OF THE WHITE BASS IN STORM LAKE, IOWA 1 
WILLIAM F . SIGLER' 
From the Entomology and Economic Zoology Section 
Iowa Agricultural Experiment Station 
Received June 18, 1949 
The white bass (Lepibema chrysops) is one of three important game 
fish in Storm Lake, Iowa. The others are the yellow pikeperch (Stizo-
stedion v . vitreum) and the southern channel catfish (Ictalurus lacustris 
punctatus) . The abundant pan fish are black crappie (Pomoxis nigro-
m aculatus), northern black bullhead (Ameiurus m. melas), and yellow 
perch (Perea flavescens). In addition to game and pan fish, Storm Lake 
supports a large population of non-game food fish. The forage fish, 
particularly native minnows, are scarce. 
Although the white bass of nearby Spirit Lake has been studied 
intensively (Sigler, 1949) a, no previous work exists on Storm Lake 
white bass. Because of the need for life history information, 108 white 
bass were collected from Storm Lake in the fall of 1942. 
Apparently the lake suffered a nearly complete kill in the 1935-
1936 winter. Estimates of the fish kill, by personnel of the Iowa Conser-
vation Commission, ranged from 300 to 500 pounds per acre. The dead 
fish were primarily freshwater drum (Aplodinotus grunniens), which 
were listed as game fish at that time, carp (Cyprinus carpio), and buffalo 
(Ictiobus sp. and Megastomatobus cyprinella). Between 1910 and 1930 
large numbers of carp and buffalo were removed by seining operations 
of the Iowa Conservation Commission. In 1941 and 1942 the fish taken 
by seining, according to 0 . J. Koch of the Iowa Conservation Com-
mission, were mainly buffalo less than three pounds in weight. The few 
game fish taken (4- and 5-inch, stretched measure, seines) were large 
pikeperch and large white bass. 
Storm Lake is a shallow, eutrophic, natural lake covering an area 
of 3,060 acres. The depths reported for 1916 by the Iowa State Highway 
Commission (1917) are a nearly uniform eight feet. According to Glenn 
Powers of the Iowa Conservation Commission, siltation has reduced the 
depth of the lake by about one foot up to the present time. In 1939, 1940, 
1941, and 1947, the Iowa Conservation Commission dredged about 
3,000,000 cubic yards of silt from the east end of Storm Lake. A strip 
1 Journal Paper No. J .-1652 of the Iowa Agricultural Experiment Station, Ames, 
Iowa, Project No. 764, and the Industrial Science Research Institute, Project No. 45, of 
Iowa State College; in cooperation with the Iowa State Conservation Commission and 
the U. S. Fish and Wildlife Service. 
' Now Assistant Professor, Department of Wildlife Management, Utah State Agri-
cultural College, Logan, Utah. 
3 All references to Spirit Lake are from this paper. 
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along the east side of the lake was filled in, thus reducing the surface 
area slightly. 
Storm Lake has an abundant summer growth of blue-green algae, 
but it has no extensive beds of either submergent or emergent plants. 
According to E. T. Rose of the Iowa Conservation Commission, the city 
of Storm Lake has spent as much as $15,000 per year treating the lake 
with copper sulfate. This practice was discontinued several years ago. 
Continuous moderate to high winds during the summer months 
cause the lake to have a high silt turbidity. The shallow areas of the 
bottom are largely sand and rock, but the deeper sections of the lake 
have a silt bottom. ' 
A water analysis of Storm Lake, taken August 21, 1934, was made 
available through the courtesy of P. J. Hauser, Director, Division of 
Public Health Engineering, Des Moines, Iowa. According to Hauser, 
this analysis is probably typical of water at the present time, since 
there have been no changes except a sewage diversion project whereby 
treated sewage· from the city of Storm Lake is no longer discharged 
into the lake. Calculated in parts per million by weight, the results of 
the water analysis are as follows: total solids, 323; metllol orange alkalin-
ity, 200; total positive ions, 93.7; total negative ions, 269.1; calcium 
carbonate hardness, 205. The equivalents per million are as follows: 
positive ions, 5.395; negative ions, 5.317. The pH is 8.6. These character-
istics of the water indicate a typical hard-water lake. 
MATERIALS AND METHODS 
The age of the Storm Lake white bass was determined by counting 
the number of scale annuli. Although the validity of this method of 
aging white bass is not established for the Storm Lake fish, it was proved 
for Spirit Lake white bass and is believed to be reliable for this study. 
The growth rates were calculated with the aid of a nomograph similar 
to that described by Carlander and Smith (1944). Due to the limited 
number of specimens and the lack of fish in the shorter length classes, 
the body-scale relationship of the Storm Lake white bass is assumed 
to be the same as. that of the Spirit Lake white bass; i.e. , a straight line 
relationship with an intercept on the standard length axis of 23.9 
millimeters and a slope of 1.88. Van Oosten (1942) lists the Lake Erie 
white bass as having a straight line body-scale relationship with an 
intercept of 24 and a slope of 1.08. 
All data were taken after the fish had been preserved in 10 per cent 
formalin for thirty days. Sigler (1949) states that white bass decrease 
in length and add weight when preserved in formalin. Corrections were, 
therefore, made by multiplying the lengths by 1.012 a.nd the weight by 
0.947. 
All collections were made with either a four- or five-inch stretched 
measure seine. Since the most abundant age group taken consisted of 
fish in the second year of life, it appears that the young fish are the 
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only age group excluded by the gear. Advanced age groups could 
easily have been missed if the number of fish in them was small. 
AGE AND GROWTH 
The increments of growth, for the first two years of life, were con-
siderably greater for the white bass from Storm Lake than for those 
from Spirit Lake, but were somewhat less in the third and fourth years 
of life. The 1939 year-class (III) grew faster than the other year-classes 
for the first two years of life, but not in the third year (Table 1). There 
was no definite evidence of a dominant year-class; however the total 
number taken may be too small to indicate such a trend. In Spirit Lake, 
TABLE 1 
AVERAGE STAN DARD L ENGTHS FOR E AC H Y EAR OF LIFE OF 100 S T ORM LA KE WHITE BASS 
COLLECTED B ETWEEN SEPTE MBER 23 AND N OVE MBER 5, 1942 
Calculated Length (mm.) a t End of 
"" Year of Life 
N umber - -- - - ----- - ---i-·- ·-· --·- ---
Age Group' of Fish 1 I 2 3 I 4 
-I~-~-::_:_: _. ···· ······ I J] J!J lJl j : ~ l~ios 
Grand Averages and Total~ ._.J __ l ~O _ _l_-2!_~ __ 2:_: ____ 2-=-__J _ 3~--
Increments of Growth. . . I .. . I 110 I 114 I 50 I 14 
E1~ir~~~:/~t~1 ~e-~gth .... -I ._--.. -.. -. --_-J . 5 . 6·-- i ~~-J-~-1-- :5-
Number of F ish ............ :·1 ~ .... -~--:-:-i-1°00-[ 100 T32·-1 6 
1 It is assumed that growth for the current season has been completed. T he last lengths 
given a re the lengths at capture. 
2 The conversion factor from Spirit Lake is used here- standard length (mm.) X 0 . 0508 
= tota l length (inches). 
the 1941 y ear-class (age group I here) dominated the white bass popu-
lation from 1942 through 1946. 
The condition factor (K) of the white bass from Storm Lake did not 
increase with age or length (Table 2). Spirit Lake white bass increased 
in plumpness as the length increased regardless of age. The shorter 
length classes of Storm Lake white bass were heavier than comparable 
lengths from Spirit Lake, but the larger Spirit Lake white bass were 
relatively heavier than the Storm Lake fish. The white bass from Storm 
Lake did not gain as rapidly in either weight or length in their third 
or fourth year as did the Spirit Lake fish. 
An examination of the gonads indicated that most of the fish would 
have been mature at the beginning of their third year of life (Table 3). 
This is in agreement with the findings at Spirit Lake. 
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TABLE 2 
L ENGTH-WEIGHT R ELATIONSHIP OF 98 STORM LAKE WHITE BASS, TAKEN B ETWEEN 
SEPTEMBER 23 AND NOVEMBER 5, 1942. 
Average 
Standard Equivalent Average Average 
Length Total Length Weight in Weight in Average Number of 
mm. in Inches Ounces Grams K Fish 
----- -------------------
181 .. ... . . .. 9 .2 7 .5 215 3 .625 1 
207 . .. . ..... 10 .5 9.1 257 2.911 3 
216 ... .. .. . . 11.0 10 .0 285 2.808 25 
225 .. ....... 11.4 11 .2 315 2.755 26 
235 . ........ 11 .9 12 .5 353 2 .724 10 
241 .. ... , . . . 12 .2 12 .3 348 2 .485 1 
259 .... ..... 13.2 18 .2 51 7 2 .973 ~ 
264 ..... . . . . 13 .4 19.8 561 3.042 7 
278. ....... . 14 .1 22.5 638 2 .975 8 
284 .... .. . .. 14.4 23 .6 668 2 .923 9 
296 ......... 15.0 27 .0 765 2 .950 1 
303 .. . ..... . 15.4 28 .4 806 2 .907 2 
319 ......... 16.2 33 .9 959 2 .955 1 
326 ......... 16 .6 38 .7 1 ,094 3 .157 1 
FOOD HABITS 
The Storm Lake white bass fed on fish, insects, and crayfish 
(Cambarus sp.). Fish amounted to two-thirds of the entire volume 
of food analyzed and occurred in 40 per cent of the stomachs (Table 4). 
Yellow perch were the most abundant fish taken. Carp, black crappie, 
and bluegill (Lepomis macrochirus) were fed on about equally. Adult 
yellow perch and bluegill are believed to have been less abundant than 
black crappie and black bullhead. The fact that the perch and bluegill 
were taken rather extensively may account for their not being more 
abundant in the lake. Yellow pikeperch, the only game fish taken, 
was identified from one stomach. Mayflies and crayfish were the 
only important invertebrates. Although Hemiptera (primarily Corixidae) 
occurred in twenty-seven per cent of the stomachs, they amounted to 
only one per cent of the volume. Sigler (1949) reported the fish diet 
of the Spirit Lake, Iowa, ·white bass as primarily the young of pan fish. 
The Spirit Lake white bass fed heavily on the smaller crustaceans, but 
TABLE 3 
SEX RATIO AND AGE AT MATURITY OF 100 STORM LAKE WHITE BASS COLLECTED IN 1942. 
Standard Percentage in Each Sex Percentage Mature 
Number Length 
Age Group of Fish (mm.) Male Female Immature Mature 
I.. ...... . .... . 68 222 41 .2 58.8 72 .1 27.9 
II .. .. ...... .. .. 26 274 46 .2 53 .8 3 .8 96.2 
III .. .... .. . ..... 6 305 33.3 66.7 .0 100 .0 
Total ... . . . . . . . . ·! 100 . . ..... .. . 42 .0 58 .0 50 .0 50 .0 
I 
-
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only slightly on crayfish. This study indicates the Storm Lake white 
bass did not feed on the smaller crustaceans in 1942. Bailey and Harrison 
(1945) reported that the white bass of Clear Lake, Iowa, preferred small 
fish. However, as opposed to the Storm Lake and Spirit Lake white bass, 
the Clear Lake white bass fed on black bullheads. 
As the season progressed, fish and crayfish decreased in the diet, 
and insects were taken more frequently. This probably indicates a 
decrease of available fish rather than an increased preference for insects. 
Young carp were not taken until November. Sigler (1949) believed that 
the young carp in Spirit Lake frequented, until late fall, the weedy 
TABLE 4 
FOOD OF THE 19421 WHITE BASS FROM STORM LAKE, low A, EXPRESSED AS PERCENTAGES OF 
FREQ.UENCIES OF OCCURRENCE AND AS PERCENTAGES OF TOTAL VOLUME OF FooD ORGANISMS . 
Month of Collection and 
I Months Combined September October November Combined 
umber of stomachs taken .... . 57 21 30 108 
Number of stomachs 
containing food ............ 46 11 20 77 
Percentage of stomachs 
containing food ...... . ..... 
Total volume of food (cubic 
81 52 67 71 
centimeters) ........ . ...... 91 . 6 41 .2 63 .6 196 . 4 
Total length (inches) 
' 
mean ... .... 11.2 11 .3 14 .0 12 .0 
minimum .... 10 . 2 9.4 13.1 9 . 4 
maximum ... 13 .8 14 . 3 16 . 2 16 . 2 
O cc. j Vol. j Occ. I Vol. -----------Occ. Vol. Occ. Vol. 
Fish .. .. ........ ........ .... 46 66 18 66 40 66 40 66 
Game and pan fish ... .. . . .. 28 54 9 61 20 30 23 48 
Sunfish family ... ...... 15 13 . . . . . . . ..... 10 9 12 9 
Black crappie ..... . . . 2 9 . . . . . . ...... . . . . . . . ..... 1 3 
Common bluegill ..... 4 1 . . . . . . . . . . . . ... . .. . ..... 3 1 
Perch family .... . . . .... 13 42 9 61 10 20 11 39 
Yellow pikeperch ..... .. .... . . . . . . . . . . . . . . . . . . 5 9 1 3 
Yellow perch ........ 13 42 9 61 5 11 10 36 
Non-game fish ........ . .... 2 1 . . . . . . .... .. 10 21 4 7 
Minnow family . .. ..... 2 1 . .... . . . . . . . 10 21 4 7 
Bluntnose minnow . ... 2 1 ...... . . . . . . . ..... . . . . . . 1 tr 
Carp ............... ...... . . . . . . . . . ... . . . . .. 10 21 3 7 
Insects ........ . ............ . 63 13 27 1 75 29 61 16 
Diptera ... ... ..... . ... ... . 4 tr ...... . . . . . . . . . . . . . . . . .. 3 tr 
Hemiptera ............ . ... 34 1 27 1 10 tr 27 1 
Ephemeroptera ............ 54 12 ...... . . . . . . 75 29 52 15 
Crustaceans ................. 43 20 55 34 15 3 30 17 
Crayfish ..... . ......•..... 43 20 55 34 15 3 30 17 
Leeches ..................... 2 1 ... . .. . . . . . . 5 1 3 1 
Plant material . ....... .. ...... 1 tr ...... . . .. . . . . . . . . . ..... 1 tr 
1 Collections were made between September 23 and November 5, 1942. 
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shallow habitat in which they were spawned. White bass did not eat 
their own young in either Spirit or Storm Lake. 
SUMMARY 
1. Storm Lake has a large popl.llation of non-game fish along with the 
game and pan fish. Small forage fish, particularly native minnows, are 
notably lacking. The lake suffered a serious kill in 1935-1936. 
2. The age, growth, and food habits of 108 white bass from Storm Lake 
were studied. 
3. Age classes I, II, and III were represented, but young fish were 
excluded by the gear used. 
4. The Storm Lake white bass grew faster than Spirit Lake white bass 
the first two years but slower thereafter. 
5. The condition factor of the Storm Lake fish did not vary markedly 
with length or age. 
6. The diet is composed primarily of pan fish, carp, crayfish, and 
mayflies. 
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Red Haw Hill Lake is an 80-acre, artificial impoundment located 
in south central Iowa, near Chariton. The lake was constructed in 1935 
and is used exclusively for recreational purposes. Red Haw, along with 
the neighboring East Lake, supports most of the fishing pressure within 
a radius of 35 miles. 
The majority of the Red Haw watershed is well protected from 
erosion. The shoreline is very irregular, reducing wind action and 
resulting in a shallow epilimion. The maximum depth of the lake is 
slightly more than 30 feet. Approximately 90 per cent is deeper than 
7.5 feet, which is the maximum depth at which higher aquatic plants 
grow in the lake. 
Plankton growth is abundant in the lake, and in late summer, surface 
algal blooms occur frequently. During much of midsummer and late 
summer, the algal growth is sufficient to interfere with fishing. 
The following species of fish are well represented in the lake: 
largemouth black bass, Micropterus salmoides (Lacepede); bluegill, 
Lepomis macrochirus (Raf.); black crappie, Pomox?s nigro-maculatus 
(LeSueur); white crappie, Pomoxis annular1s (Raf.); yellow perch, 
Perea flavescens (Mitchill); and warmouth, Chaenobryttus coronarius 
(Bartram). 
Although fairly abundant in the lake, warmouth (Fig. 1) are 
seldom taken by fishermen. In 6,513 man hours of fishing only four 
warmouth were taken. During the summer months, warmouth frequent 
the shallow water among the weeds along the bank, where angling is 
difficult. 
The following methods of collecting specimens were used: basket 
traps, fyke nets, experimental gill nets, seining, and angling. 
The majority of the warmouth, fifty-one, were taken in the basket 
traps. Angling accounted for six, fyke nets for five, and eighteen speci-
mens were captured in gill nets. The basket traps effectively sampled 
all sizes of warmouth. Gill nets and fyke nets took good samples of 
the larger individuals. Seining was done with a four-foot minnow seine 
for young-of-1he-year fish. No warmouths of any size were taken by this 
'Iowa Cooperative Fishery Research Unit Project No. 42, sponsored by the Indus-
trial Science Research Institute of Iowa State College and the Iowa State Conservation 
Commission, with the cooperation of the U. S. Fish and Wildlife Service. 
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method, although young-of-the-year of other species were readily 
cqllected in this manner. 
AGE AND GROWTH 
Three scales for the age and growth study were taken from each 
fish from an area located by compressing the left pectoral fin and placing 
its tip on the third row of scales below the lateral line. The scales were 
prepared for projection by mounting them between two glass slides 
and securing the ends of the slides with adhesive tape. Slides were then 
placed in water in such a manner that water was drawn up around 
-4 
Frc. 1.- Warmouth from Red Haw Hill Lake. 
the scales by capillary action, and after a short soaking period the scales 
were read with a microprojector. The annuli were quite distinct on most 
scales. The relative positions of each scale's focus, annuli, and edge 
were marked on a strip of paper tag. The growth rates were then 
calculated from these tag strips on a nomograph. 
In this study, standard length was measured from the tip of the 
snout to the end of the hypural plate. Total length was measured from 
the tip of the snout to the tip of the tail, the lobes of the tail being com-
pressed. Fork length was measured from the tip of the snout to the 
fork of the tail. The length conversion factor between standard and 
fork length is 1.179 and between standard and total length is 1.248. 
The former is based on sixty-five specimens and the latter on seventy-two 
specimens in the length range 40 to 177 millimeters. Standard length 
was used for all calculations in this study unless stated otherwise. 
The body-scale relationship of fifty-five warmouths from Red Haw 
was determined by plotting the mean body lengths at 10 millimeter 
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intervals against the mean scale radii and fitting a straight line to the 
-data. A line having a slope of 0.77459 and an intercept on the length 
.axis of 13 millimeters appears to define accurately the body-scale rela-
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Frc. 2.-Body-scale relationship of warmouths from Red Haw Hill Lake. 
tionship (Fig. 2) . The growth calculations were made on a direct pro-
portion basis using 13 millimeters as a base. 
Since separate calculations of the growth rates failed to indicate 
any sexual difference in growth, the data for both sexes are combined 
(Table 1) . The annual increase in length was greatest during the first 
four years of life. The annual increment is less each year after the 
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TABLE 1 
CALCULATED AND MEASURED LENGTHS OF 55 WARMOUTHS FROM RED HAW LAKE. 
SEXES COMBINED. 
Number Average Calculated Length at Each Annulus in mm. Length 
Age Class ~~:~~- - 1--I_ 2 =[_:]-4== 5 == 6 -= 7 Ca;:Ure 
I.. .. ......... . 5 33 59 
IL .....•.... 17 32 82 106 
ILi. . ... . ....... . 23 31 70 121 133 
IV . . .......... .• 3 32 59 120 155 155 
v ....... .. .... . 2 32 67 112 140 159 159 
VI. ............ . 4 35 70 105 131 147 160 160 
VII .. ... ." ....... . 1 34 76 117 149 164 170 177 177 
--------.---- ---------------------------
Mean standard length mm ... 
Standard deviation of 
32 73 118 142 153 162 177 
lengths . ... . . .. . . . . . ..... 
Equivalent total length in 
4 .6 13 .7 14 . 2 12 .5 9 .8 8.3 ... ' 
inches .. . ............... 1.6 3 .6 5 .8 7. 0 7 .5 8.0 8 .7 ........ 
Annual increment. ....... .. 32 41 49 30 17 12 7. 
Annual increment in grams .. 1 14 53 61 46 39 28 
fourth. The annual increment in weight (estimated from the length-
weight relationship given later) increases through the fourth year and 
even in the seventh year is more than the first two years combined. The 
Red Haw warmouth appear to have grown at a similar or slightly slower 
rate than warmouth from Indiana and Tennessee (Table 2). 
Specimens from seven year-classes are represented in the study. 
No young-of-the-year were obtained. It is belived that these specimens 
satisfactorily indicate the year-class abundance except for the 1947 and 
1948 classes which may have been more abundant than the sample would 
indicate. The 1945 and 1946 classes are the best represented among the 
fish two or more years of age. 
Data on the sexual condition of sixty-five warmouth indicates that 
the earliest spawning occurred during the last week of June. Spawning 
TABLE 2 
COMPARISON OF TOTAL LENGTHS IN INCHES AT CAPTURE OF II, III, AND IV YEAR 
WARMOUTHS FROM INDIANA, TENNESSEE, AND RED HAW LAKE. 
Number of specimens indicated in parentheses. 
II III IV 
Iowa, Red Haw Lake .... .... , ... . .. .. ....... . ' 5.2 6 . 5 7.6 
(17) (23) (3) 
Indiana, Muskellunge Lake (Ricker, 1945) ........ 5 .5 6 8 7 .2 
(10) (10) (25) 
Tennessee, Reelfoot Lake (Sehoffman, 1940) ....... 6 .2 7. 0 7.7 
, (44) (254) (130) 
I 
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was apparently not .completed until the latter part of July, as ripe 
individuals appeared• until that time. 
The length-weight relationship of seventy-six Red Haw warmouth 
(Table 3), covering a -length range of 40 to 177 millimeters, may be 
described by the following formula: 
Log W '"·-4.683 + 3.138 Log L 
where W =·weight in grams 
aiid L = standard length in millimeters 
The average K value for seventy-six specimens, in the length range 
40 to 177 millimeters, is 3.95. There was no detectable change in K with 
length or sex. 
FOOD AND PARASITES 
W armouth appear to be quite predacious in their feeding. The 
stomach contents of twenty-nine warmouths ranging in length from 40 
TABLE 3 
OBSERVED AND ESTIMATED WEIGHTS OF WARMOUTHS FROM RED HAW LAKE. 
' 
Weight in Grams Total Observed 
Standard Number 
I 
- ---- Length, Weight, 
Length, mm. of Fish Observed Estimated1 Inches Ounces 
- - -
45 _. - . - . - .. - ... 1 4 3 2.2 0 . 14 
51. - - - . - ....... 2 4 5 2 .5 0.14 
67 ............• - 1 10 11 3 .3 0.35 
76 .. . . . . . . . . . . . . 2 16 17 'S.7 0 .56 
83 . . . . . .. ~ ...... 2 22 22 4.1 0.78 
93 . ........ .. -: .. 3 31 31 4.6 1.10 
105 . - . ........ .. . 7 48 46 5.2 1 .17 
113 ...... - - - ..... 8 57 58 5.6 2.00 
126 .. - - . . ... - ... - 16 79 81 6.2 2.80 
135 _. - . - . : - ...... 9 101 101 6.6 3.60 
144 ....... .... ... 8 120 124 7 . 1 4.20 
154 . - - . - . - ...... . 11 143 152 7.6 5.00 
163 ....... ....... 6 172 177 8 .0 6 .10 
177 .. - . -
- -
. . . . . . . 1 264 235 8.7 9.30 
1 Log!'.!"= -4 .683 + 3.138 Log~ 
to 177 millimeters and collected from April through July were exam-
ined. Twelve of the stomachs were empty. In the remaining seventeen 
stomachs, food items occurred as follows: 2- to 4-inch fish, 7; crayfish, 4; 
vegetable debris, 2; unidentified insect larvae, 4; leech, 1; dragon-fly 
naiad, 1; unidentified insects, 2; and snails, 1. On a volumetric basis, fish 
and crayfish were the most important items. 
Parasitological examinations were made on sixty-six warmouth rang-
ing in length from 50 to 169 millimeters. The collections were made from 
the first of April through the first wek of September. 
Every specimen examined had infestations of Posthodiplostomum 
minimum in at least one organ, but more often in two or more organs. 
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The metacercariae of this parasite encased the heart of 56 specimens and 
occurred in the liver of 42, the kidneys of 14, the mesenteries of 6 and 
the spleen of 1. The degree of parasitism was extremely high. The heart 
was almost invariably completely encased and the liver and kidney con-
tained uncountable numbers. 
Parasitic copepods occurred on the gills of 17 of the 66 specimens. 
The observed number of these organisms varied from 2 to 30 or more 
per fish, but frequently there were only 2 or 3 on a specimen. 
Leeches were attached to the fins of 9 fish and to the palate of 1. 
The number of leeches varied from 2 to 5. 
The mesenteries of 6 fish were parasitized by 1 to 3 nematodes. 
Over 100 black grubs, larval strigeids, were observed scattered 
through the body muscles of one fish. · 
Plerocercoids of Proteocephalus ambloplitis occurred on the liver of 
2 fish and in the ovaries of 3. There were 2 and 3 organisms on the livers 
and 7 or 8 in each ovary. 
Two of the sixty-six specimens had regenerated caudal fins. It is 
thought that these fish were recovering from Saprolegnia infection. 
MANAGEMENT 
Since the warmouth does not contribute materially to the angler's 
catch, perhaps the greatest contribution made by the species is as a 
predator. It rivals the largemouth as a predator capable of controlling 
the abundance of young bluegills and similar fish. Although practically 
no work has been done with the warmouth, it may eventually prove to 
be a predator suitable for use with bullheads or possibly as a predator 
to supplement the largemouth black bass. 
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INFLUENCE OF NORMAL AND IMMUNE DUCK PLASMAS ON 
CHICK INFECTIONS OF PLASMODIUM LOPHURAE INDUCED 
WITH PARASITES IN DUCK ERYTHROCYTES 1 
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It is now generally accepted by malariologists that the immune state 
following parasitemia, during which malarial parasites are either not 
microscopically demonstrable in the circulating blood or are detectable 
only after prolonged search, is a premunition, or an immunity that is 
depend~mt upon the more or less constant stimulation of the defense 
mechanism of the host" by an uneradicated residue of parasites. Such 
an immune state is characterized by refractoriness of the host to reinocu-
lation with the homologous strain of malarial organism, the appearance 
in the circulating blood of antibodies that can be demonstrated if suit-
able tests are made at the proper time, and the ability of the blood of 
the latently infected host to produce acute infections in normal animals 
by subinoculation. These statements hold whether or not exo-erythro-
cytic forms occur in the host. More detailed discussions of these topics 
are to be found in papers by Coggeshall (3), Maier and Coggeshall (9), 
and Taliaferro and Taliaferro (11). 
The work of the Taliaferros became the starting point for our 
investigation, because it demonstrated that the course of blood-induced 
PLasmodium lophurae infection in chicks was markedly affected by 
daily administrations of homologous immune serum from latently 
infected, and superinfected chickens. The observed depression of the 
number curves (representing intensity of parasitemia at daily intervals) 
for the recipients of daily injections of immune chicken serum below 
the expected levels suggested by the number curves for the recipients 
of normal chick serum, or of saline solution, or of no injection was 
ascribed to passively acquired immunity partially protecting the host 
against the development of the normal infection. 
The original purpose was to repeat the Taliaferros' work as nearly 
as possible using ducklings throughout instead of chicks. However, 
after repeated failure to alter significantly the course of the infection 
in ducklings with immune duck plasma in daily dosages of 0.2-2.0 cc., 
1 This investigation was supported (in part) by Research Grant 605 (C) from 
the Division of Research Grants and Fellowships of the National Institute of Health, 
United States Public Health Service. 
To Professor G. W. Snedecor, gratitude is expressed for his advice on statistical 
testing of the data, but he is in no wise responsible for the conclusions that were 
rP.ached. 
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it was decided to make the tests in chicks, employing infected duck 
cells for inoculating and immune duck plasma for treating the infections 
thus induced. Normal, immune, passage, and relapse duck plasmas and 
immune chick plasma have been tested in the experiments to be 
r eported. 
MATERIALS AND METHODS 
The microorganism, Plasmodium lophurae, was maintained by 
blood-passaging through ducklings as previously described (1). 
It is still assumed that exo-erythrocytic stages do not occur in 
blood-induced infections of this species. The chicks employed as hosts 
in the tests were New Hampshires delivered to us from the hatchery 
when one day old. The ration was a commercial chick starter which has 
been found satisfactory for health and growth. 
Blood for obtaining plasma was drawn from the jugular vein of the 
duck and transferred to screw-cap test tubes containing sufficient dried 
anticoagulant to prevent clotting. The anticoagulant was generally 
heparin, though sodium citrate was used in one or two cases. It has 
been positively determined that heparin does not affect the sparing 
action of duck plasma, discussed below. Since further investigation of 
the effect of heparin is in progress, the results will not be included at 
this time. 
The plasma was drawn off the erythrocytes after centrifugation, 
transferred to screw-cap test tubes, and kept in the refrigerator. It 
was made a practice to draw the plasma the day before the test chicks 
were inoculated with the parasite. Sterile technique was maintained 
throughout the process of collecting; separating, and storing the plasma. 
Blood, as a source of parasitized cells, was drawn from a duck with 
70-80 per cent of its erythrocytes parasitized on the fourth or fifth day 
of the infection. After mixing with the anticoagulant, about 5.0 cc. of 
blood in a screw-cap test tube was whirled at about 2,000 r.p.m. for five 
minutes in the centrifuge, then the supernatant plasma was removed. 
About 12 cc. of physiological salt solution was added to the cell residue 
and the mixture was shaken to resuspend the red blood cells. After a 
second centrifugation the red blood cells were resuspended in the 
amount of physiological salt solution that gave the ,desired concentra-
tion. The computation for obtaining this concentration was based on 
parasite counts on stained, dried blood smears and total erythrocyte 
counts made just before the blood was drawn. 
Plasma and parasitized erythrocytes were injected into the wing 
veins. Parasite dosages are expressed in terms of 108 per 100 g. of the 
chick's body weight, and plasma dosage as cc. per 100 g. of the chick's 
body weight. Details concerning the time and amount of plasma injec-
tions, numbers of parasitized cells injected, and the age of the chicks 
are included in the tables. The histories of the plasma donors and other 
details appear in the separate accounts of the various series. 
The criterion of the effects of plasma administration was the per-
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centage of parasitized cells in control and injected groups at appropriate 
intervals of time. The cell counts were made on dried blood smears 
stained in Giemsa. The number of cells counted was large enough to 
give a parasite-erythrocyte ratio with a probable error of 10 per cent 
(8). 
The results appear in Table 1. Only the group means and standard 
deviations appear in most instances. The formula employed for standard 
deviation was the square root of the sum of the squared variables 
divided by the number of chicks, minus the mean squared. The abbre-
viation G is for group, S for series, C for chick, and P. C. for parasitized 
cells. It is to be understood that normal duck and normal chick plasmas 
are from healthy birds that have had no malarial infection, and that 
immune plasmas are from birds that have recovered from the primary 
attack of P. lophurae. 
The results were tested for significances by the Fisher (7) small-
sample method. The nature of the variables depended on expedi-
ency. In certain cases they were percentages of parasitized erythrocytes 
for a certain day, while in other cases they consisted of the sum of the 
percentages for the individual birds over a period of days. 
The solution of a problem by the Fisher small-sample method is 
presented here in the belief that it might be of help to other investi-
gators with similar data to be tested for significance. The format was 
provided by Professor G. W. Snede.cor. The parasitized cell percentages 
for day 1 of G 1 and of G 2, both of Series 13 and appearing in Table 1, 
constitute the variables of the groups to be compared. The complete 
procedure follows : 
G 1 
N'umber of chicks ....... . . . .. . 17 
Degrees of freedom. . . . . . . . . . . 16 (17 - 1) 
Sum of variables . . . . . . . . . . . . . . 35.2 
Mean of variables. . . . . . . . . . . . . 2.07 
Sum of squares of variables .... 113.90 
Sum X mean . . . . . . . . . . . . . . . . . 72.86 
Sum of squares of dev. from 
mean .... . . . .. . .. ... .... .. 41.04 
Pooled ( 41.04 + 124.42) .. . ... . . 
Divided by total degrees of free-
dom (16 + 16) .. . .. . . .... . 
Variance of mean difference 
[5.17 x (1/ 17 + 1/ 17)] 
Std. dev. of the mean 
difference ( \/0.608) ... ... . 
t = (6.12 - 2.07)+ 0.780 .... .. . 
165.46 
5.17 
0.608 
0.780 
5.19 
G2 
17 
16(17 - 1) 
104.1 
6.12 
761.51 
637.09 
124.42 
In Fisher's table of t , P (probability) for 32 degrees of freedom 
and t of 5.19 are beyond limits of table. The differences are highly sig-
nificant. It is to be concluded that the treatment produced an effect. 
TABLE 1 
Records . by series (l-13), of the mean percentages of parasilized cells in stained smears of chick blood made on selected days 
(minutes or hours, where so indicated) a fter inoculation. (Group de.; igna tions a re followed by numbers of chicks constituting the groups. 
+ = < 0.05 per cent.) 
No. of No. of 1 2 
Group Chicks day days 
G 1 * . . . .... 6 2 . 68 4 .05 
±1 . 32 ±1 . 40 
G 2t . . . ... 3 6 . 90 7 . 17 
±4 . 10 ±3 . 91 
G 3t .. 3 3 .1 7 4 . 57 
±1 . 93 ±2 .61 
G 4§ ... 3 5 .00 6 . 63 
G 
G 
G 
±1.14 ±1 . 81 
51\ . ... . . 3 5 .00 7. 60 
±1 . 61 ±1 . 55 
6++ . 4 5.05 6 . 28 
±2 . 00 ±3 .12 
7* * . .. 7 0 . 02 0 
±0 . 01 ±0 .02 
* Controls; no plasma. 
t 0 . 6 cc. immune duck plasma, days 0- 5. 
t 0. 6 cc. immune duck plasma, days 0- 5 
§ 0. 6 cc. immune duck plasma, days 0-5. 
11 0 . 6 cc. immune duck plasma, days 0- 5. 
++ 0 . 6 cc. normal duck plasma, days 0-5. 
3 
days 
16 . 50 
± 8 . 21 
24 .00 
± 5.89 
13 . 33 
±11 . 77 
22.00 
± 5 .02 
28 . 67 
± 8.20 
24 . 25 
± 8 . 93 
0.04 
± 0 .01 
S E RIES 1 . 
( AG E, 14 DA vs; 3 X 107 P. C.) 
Time After Inoculation 
----
I I 
4 5 6 7 
davs days days days 
53.50 43 .67 44 . 33 16 . 50 
±18 .87 ±18.60 ±16 . 76 ± 11 .01 
51 . 00 30.00 10 . 67 1.30 
±14 . 23 ± 6 . 16 ± 2 .74 ± 0 .08 
23 . 67 6.37 1 .47 0.87 
± 15 . 01 ± 3 .80 ± 3 . 44 ± 1. 22 
27 . 33 6.77 0 . 27 0 
±14.56 ± 6 . 09 ± 0 . 28 ± 0.00 
59 . 00 29. 00 17. 47 2 . 93 
± 6 .40 ± 4 . 90 ± 8 . 19 ± 1.64 
70 . 00 52 . 50 45.75 16 . 00 
± 8.22 ± 11. 52 ±16 . 52 ±13 . 93 
0.22 0 . 40 1.10 2 . 43 
± 0 .20 ± 0 . 11 ± 0 . 17 ± 0 . 92 
* * 0 . 6 cc. plasma from immune chicks infected from ducks, days 0- 5. 
----
I 8 LO 12 16 days days days days 
15 90 6 . 25 9 . 00 2 . 43 
±11 . 70 ± 8 . 61 ±13 . 54 ±5 . 32 
0 . 30 0 0 0 
± 0 . 00 ± 0 .0 ± 0 . 0 ±0 . 00 
r 
0 .87 0 0 0 
± 1.22 ± 0 .0 ± 0 .0 ±0 . 0 
0 0 0 0 
± 0 .00 ± 0 . 00 ± 0 .00 ±0 .00 
3 . 30 4.27 3 .70 0 
± 2 .06 ± 3.48 ± 5 . 16 ±0 .00 
11.60 19 .79 31. 77 0 . 03 
±13 . 27 ±15 . 38 ±22 .87 ±0 . 00 
0 . 91 0. 13 0 0 
± 1 . 11 ± 0 . 10 ± 0 .00 ±0 .00 
--
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The term "sparing action," which appears subsequently in several 
places, is applied to the protective influence exerted by the treatments 
in behalf of the parasitized duck erythrocytes injected into the chick. 
This term was adopted in preference to "protection" in order to avoid 
confusion with protection afforded the host by treatment. 
RESULTS 
Series 1. 
The six control chicks of G 1 were not treated. Gs 2-5 each consisted 
of three chicks which received the plasma of one particular 67-day-old 
duck which had been inoculated when 12 days old, completed the 
primary attack 9 to 18 days later, and undergone a post-crisis infection 
of the intermittent type described by Becker, Brodine, and Clappison 
(2). Smears made immediately before the bloods were drawn from 
the four donor ducks showed, respectively, 0.07, 0.2, 0.03, ·and 0.0 per 
cent infected red cells. The four chicks of G 6 received the plasma of a 
normal duck. The ducks, four immune and one normal, were males of 
the same hatching. The chicks of G 7 were recipients of pooled plasma 
from seven 45-day-old chickens which had been inoculated with para-
sitized duck cells when 15 days old and given "booster shots" 12 days 
before the blood was drawn. The v~rious plasmas were administered 
daily for .6 days commencing two hours before inoculation. 
A test made of the counts of Gs 2-5 for day 1 by analysis of variance 
(10) showed that the groups were not different. Then, using them as 
a single group, the twelve variables of Gs 2-5 were compared with the 
six variables of G 1 for day 1 by the Fisher small-sample method to 
which reference has already been made. The resulting P-value was but 
slightly higher than 0.05, which has arbitrarily been accepted as sig-
nificant. When the four recipients of normal plasma in G 6 were com-
pared in like manner with the untreated controls of G 1 there resulted 
a P-value of about 0.08 which, though not generally accepted as signifi-
cant, means that the t-value obtained would be exceeded only one time 
in 12.5. G 7, recipients of immune plasma from chicks infected and 
superinfected with parasitized duck erythrocytes, obviously exhibited 
strong resistance throughout the infection. The inordinately low counts 
on day 1 and the negative counts on day 2 probably resulted from the 
presence in the immune chicken plasma of both haemolysin toward duck 
erythrocytes, and antibody to the protozoon. 
The next question was whether the immune duck plasmas afforded 
the chicks a significant degree of passively acquired protection after 
day 1, the evidence for which, if any, was to be found in the data for 
days 5-16. The counts for each chick of G 1 and Gs 2-5 for these 
twelve days were added, each of the blanks for days 9, 11, 13, 14, and 15 
being filled by a figure representing an average of the counts on the 
nearest day before and the nearest day after the missing item. Then the 
totals were employed as variables in the previously mentioned Fisher 
small-sample test. The difference between G 1 and Gs 2-5 proved to 
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be highly significant. A similar test showed no significant difference 
between G 1 and G 6, but G 1 and G 7 were significant1y different. -
Series 2. 
The controls of G 1 were untreated. G 2 was the recipient on days 
0-3, beginning an hour before inoculation, of 0.8 cc. of plasma from a 
6-month-old male duck which had been inoculated when 14 days old 
and, after the crisis, had experienced the intermittent course of infec-
tion. The parasitemia was 0.5 per cent at the time the blood was drawn. 
The counts were low throughout the infections, probably because the 
S E RIES 2 
(AGE, 15 DAYS ; 0 .8 x 108 P. C .) 
Time After Inoculation 
------------------------
No. of No. of 2 3 4 5 6 7 8 9 13 16 
Group Chicks days days days days days days days days days days 
---------------
-------------
G 1 * .. 4 . 03 0 .08 0 . 43 0 . 88 4.40 7 .20 16. 15 30 .8 9.37 0 
± . 00 ± .04 ± . 44 
* 
. 94 ± 4 .46 ±7.76 ± 17 .80 ±11.6 ±12.8 ±0 . 0 
G 2t .. 4 0 0 . 08 0 . 28 0 . 18 1 . 52 2 .83 4 .78 8 . 25 8 .78 0 . 1 
± .00 ± . 04 ± . 16 ± .OS ± . 99 ±2 . 47 ± 2.48 ± 7. 08 ±14 .0 ± .17 
• Control ; no plasma. 
t 0 . 8 cc. immune duck plasma, days 0- 3. 
inoculation consisted of but 0.8 X 108 P. C. On the second day a few 
parasites were to be found in each chick of the control group, but none 
could be located in 10,000 cells examined from each chick of the treated 
group. When the counts for each chick on days 5-9 were added and 
the totals employed as variables in the Fisher small-sample method of 
analysis, a P-value of about 0.065 resulted, which means that the t-value 
obtained would be exceeded only one time in fifteen. 
Series 3. 
The controls of G 1 were untreated. The normal plasma admin-
istered to G 2 was from a large 6-month-old male duck. The immune 
plasma employed in G 3 was taken from a 6-month-old male duck 
which had been inoculated when 14 days old, survived the primary 
attack, and afterwards exhibited the intermittent type of post-crisis 
infection (2) . On the day the blood was drawn one P. C. was seen in 
10,000 erythrocytes examined. The immune chicken plasma was pooled 
from three 2-month-old chicks, each of which had been inoculated when 
2 weeks old with 4 X 10 P. C. of a duck with 80 per cent of its erythro-
cytes infected. The plasmas were injected 2.75 hours before the infected 
duck cells. 
The data for this series (Table 1) are among the most striking 
in their implications of any of the series. The mean of 18.8 per cent 
P. C. for G 3 on day 2 is more than twice as high as that of 7.5 per cent 
P. C. for G 1 on the same day, and the difference between the means 
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SE RIES 3 
(AoF., 12 D AYS; 5 X 108 P. C .) 
Time After Inoculation 
--------- ---------- - - - - - - --
No. of No. of 2 4 5 6 7 8 10 16 23 
G roup Chicks days days days days days days days days days 
------ - - - - --- -- - ----- ----
G 1 * .. . 6 7. 45 53 .5 47 .7 39 .8 14 .5 12 .3 16.4 9.78 + 
"= 4 .41 ± 13.0 "= 6 .78 ± 14 .8 "= 8 .18 ± 10 .9 ±20. 3 ±13 .9 
G 2t ... 61  9 .90 39 .3 14 .9 4 .50 0 .47 0 .13 + + 0 
"= 3 .01 ± 12 .4 "= 4 .82 "= 8 .24 "= 0 .46 "= 0 .26 
G 3 t ... 6 18 .& 37 .2 5.60 0 .60 0 .29 0 .10 0 + 0 
"= 4 .48 "= 5 .92 "= 2 .57 "= 0 .40 "= 0 .46 "= 0 .10 
G 4§ ... 4 3 .25 16 .5 5. 20 1.04 + + + 0 0 
"= 1. 69 "= 5 . 93 "= 5.20 "= 1. 72 
* Control ; no plasma. 
t 0 . 7 cc. normal duck plasma, days 0- 5. 
t 0 . 7 cc. immune duck plasma, days 0- 5. 
§ 0 . 7 cc. immune chicken plasma from chickens infected with a duck's P . C ., days 0- 5. 
IJ 1 chick d ied on day 5. 
proved to be highly significant, since P 0.01 was obtained. The mean of 
neither G 2 nor G 4 on the same day was significantly different' from 
that of the control. When the counts for each bird on days 2, 4, 6, 8. 
and 10 were added and the totals treated as variables, it was found 
that G 2, G 3, and G 4 were each significantly different from G 1. 
The following conclusions can be drawn: 
1. The immune duck plasma exerted an initial (i.e. , on day 2) 
sparing action in behalf of the parasitemia induced with para-
sitized duck cells. 
2. Normal and immune duck plasmas and immune chick plasma 
conferred on the host partial protection against the primary 
attack, most notably the immune chicken plasma from chicks 
inoculated with infected duck erythrocytes. 
Series 4. 
The fifteen control chicks of G 1 were not treated. Each chick 
of G 2 received 0.9 cc. of pooled plasma from two 140-day-old normal 
male ducks on days 0, 1, and 2, beginning two hours before inoculation. 
Each chick of G 3 was treated similarly except that the plasma was 
pooled from four normal 69-day-old male ducks. G 4 received the 
plasma from a 69-day-old female duck that had been inoculated when 
13 days of age and after the crisis experienced an infection of the sub-
latent type (2). Pooled plasma was administered to the chicks of G 5 
from four 60-day-old chickens, which had been inoculated with para-
sites in chick blood when 10 days of age and had received moderately 
heavy superinfections 2 weeks before the blood was drawn. 
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When the difference between the means of G 1 and G 2 on day 2 
was subjected to the small-sample test, it was learned that it was 
barely significant, whereas the differEnce between the means of G 1 and 
G 3 was not significant. A t-value of 1. 75 resulted from the test of G 1 
and G 4, which is over the 1.734 required for P 0.1 in Fisher's table. The 
mean of G 5 proved to be significantly different from that of G 1 on 
day 2. 
It is obvious that the normal plasma received by G 2 conferred no 
protection on the host at any time during the course of the infection, 
No. of No. of 
Group Chicks 
G 1* . . 15 
2 
days 
1 . so I 
± . 62 
SERlES 4 
(AGE, 13 D AYS; 1 x 108 P . C.) 
6 .80 
± 4 . 24 
T ime After Inoculation 
13 . 4 
± 6 . 1 
d:ys _l __ diys ... 
29 . 7 13 . 2 
6 . 4 ± 13. 7 
10-·-·1--15 
days . days 
------ ·-
3 .86 0 .06 
± 9.45 ± .02 
G 2 t . . 1 0 2 . 06 10 . 80 18 . 9 34 . 3 
± 6 .7 
7.70 4 .55 0. 63 
± . 60 ± 2 .62 ± 6 .9 
G 3 t . . 10 * * 1 . 72 8. 62 17 . 3 
± . 61 ± 3.34 ± 6 .8 
G 4§. . 5 2 . 28 8 . 92 14 . 6 
± . 92 ± 3. 35 ± 3. 1 
± 10. 4 ± 14 .0 ± l .89 
13 .8 
±20 .7 
1 . 56 0 0 
± 2.41 
7 . 02 0 . 36 0 0 
± 6 .30 ± . 52 
G Sii .. 5 0 . 78 4. 90 8 . 80 8 . 32 1 . 14 0 0 
± . 24 ± . 80 ± 2 . 8 ± 9 . 78 ± 1 . 24 
•Con trol ; no plasma . 
t 0 . 9 cc. normal duck plasma, days 0- 2. 
t 0. 9 cc. normal duck plasma, days 0- 2. 
§ 0 . 9 cc. immune duck plasma, days 0- 2. 
II 0 . 9 cc. immune chicken plasma from chicks inocula ted with parasites in chick blood, 
days 0- 2. 
* * 1 chick died on day 3. 
whereas G 3, after the fifth day, and G 4 and G 5, after the fourth day, 
were partially protected. 
Conclusions: (1) The administration of normal duck serum to chicks 
exerted a sparing effect on the host's activity against the injected 
parasitized erythrocytes, at least to the second day, in one group, while 
in another group it did not do so. Immune duck serum seemed to 
exhibit a similar effect though the differences were not "statistically 
significant," probably on account of the small number of chicks in G 4. 
(2) Immune chick plasma had the counter effect, because the 
counts for day 2 were significantly lower in the plasma-recipients. 
(3) In one of two groups, normal duck plasma conferred partial 
protection on the host throughout the general course of the infection 
after the fifth day. 
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( 4) Immune duck and immune chick plasmas likewise conferred 
partial protection. 
Series 5. 
The controls, G 1, were untreated except for an injection of 3 X 108 
duck P . C. in 1.0 cc. of physiological salt solution. Each chick of G 2 
received the same number of duck P. C. in 1 cc. of a half-and-half mix-
ture of passage duck plasma and physiological salt solution, while G 3 
received the same, except that, for a certain reason, the plasma was 
kept at 41°C. for one and a half hours before the injections were 
started. The saline and plasma-saline injections without duck cells, 
were repeated on days 1 and 2. Smears made ten minutes after inocu-
SERIES 5 
(AGE, 14 D AYS; 3 x 108 P . C .) 
T ime After Inocula tion 
-·--·-·----i--No. of (10 1 3 5 6 8 10 11 
No. of Group C hicks min .) ~:.__~~~ days days ~ days 
G 1 * ........ 5 1. 56 0 . 25 2 . 32 10 .7 49 . 3 56 .9 23 . 2 10. 5 
± . 40 ± . 21 ± 1. 06 ± 5 .04 ± 13 .6 ±12 .7 ±16.4 ± 12 . 1 · 
G 2t ..... . .. 5 1 . 76 2 .72 13 .4 35 . 8 52 . 5 10 .9 7. 30 11 . 4 
± . 60 ±2 .41 ± 9 .09 ± 14 .8 ± 10 .7 ± 10. 1 ±13. 1 ± 20 . 1 
G 3t ...... .. 5 1. 78 1. 19 8 .66 29 .3 48 .9 20 .9 9 .82 8 .96 
± . 54 ±1 . 24 ± 8 .70 ± 23 . 4 ±25 . 1 ± 17 . 9 ± 13 ' 1 ± 15 .8 
~ Control; no plasma . 
t 0 . 6 cc. passage duck plasma , days 0- 2. 
t 0 . 6 cc. warmed passage duck plasma, days 0- 2. 
lation showed approximately the same concentration of P. C. in the 
blood of the three groups, but twenty-four hours later the mean of G 2 
was eleven times that of G 1, and that of G 3 almost five times. At 
the end of day 3, the ratios were still high, about six and four, respec-
tively. 
But because of the great variation within the groups, it was 
imperative that the data be submitted to statistical analysis, as hereto-
fore. The test of G 1 and G 2 for day 1 yielded P 0.075, and that for G 1 
and G 3 yielded P 0.09. The test of G 1 and G 2 for day 3 resulted in 
P .065, which means that a t-value higher than that obtained would 
occur only once in about fifteen trials. After the sixth day there was a 
noticeable tendency for the counts in G 2 and G 3 to decline more 
rapidly than those in G 1, but statistically the differences were not 
particularly significant. The warming was also without significant effect. 
Series 6. 
No plasma was administered to the controls (G 1). Two hours 
before inoculation the chicks in G 2 received 0.2 cc. of normal duck 
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plasma, those in G 3 received 0.5 cc. normal duck plasma, and those 
in G 4 received 0.5 cc. of the same plasma heated at 51.4°C. for one and 
one-half hours. The means of the four groups were very close ten 
minutes and two hours after injection, but after a day the average 
of the means for G 2, G 3, and G 4 was 1.5, while that for G 1 was only 
0.8. The mean of G 3 was comparatively low mostly because of C 13, 
SERIBS 6 
(AGE, 14 DAYS; 4 x 108 P. C.) 
.. 
Time After Inoculation 
No. of 
No. of Group Chicks (10 min.) (2 hrs. ) 
·-
G l * .... . . ..... Sii 2 . 38 2 . 12 
±0 .41 ±0 . 7S 
G2t .. .. .. . . .. Sil 2.SO 2.68 
±0.28 ±0 . SO 
G3t ...... . .... s 2 .70 1. 70 
±0 .78 ±1 .09 
G 4§ ..... • .. . . . s 2 .76 2 . S2 
±0 . S2 ±0.93 
* Controls; no plasma. 
t 0 . 2 cc. normal duck plasma, day 0. 
t 0. S cc. normal duck plasma, day 0. 
§ 0 . S cc. heated normal duck plasma, day 0 . 
11 1 chick died on day 6. 
1 3 
day days 
0 .82 4 .38 
±0 . 37 ±1 .S6 
1 . 46 7.68 
± .70 ±3 .36 
1 . 12 6 . 10 
±0 .89 ±4 . 47 
1 ' 90 7. 44 
±0 .99 ±2 .60 
.....- - - -
s 7 
days days 
- ---
19.00 33 . S 
± 6 .70 ±13 .67 
32 . 60 28 .7S 
± 7. 90 ± 6 . 71 
26 .00 24 . 10 
±22 .87 ±lS .40 
36 . 2 39 . 20 
±11 .62 ±13 .96 
whose blood was parasite-free on that day. When G 2, G 3, and G 4, on 
day 1, were tested separately against G 1, no P of less than 0.1 was 
obtained. It should be of some significance, however, that not only on 
day 1, but also on days 3 and 5, the means for the three groups of 
plasma recipients were higher than the mean of the nonrecipients. The 
courses of the infections in the four groups, as recorded in the table, 
show that the single injection of plasma had no protective effect what-
ever. 
Series 7. 
The dual purpose of this experiment was (1) to test the possibility 
of sodium citrate interfering with phagocytosis of duck P. C. and (2) to 
obtain more data on the sparing effect of normal duck plasma on the 
removal of duck P. C. from the circulating blood. The controls, G 1, 
received 2.0 cc. of physiological salt solution on days 0 and 1, beginning 
one and one-half hours before inoculation. G 2 received the saline 
solution made up to 0.4 per cent with sodium citrate. The normal plasma 
was pooled from one male and one female 90-day-old ducks. In this 
case the duck P. C. were washed three times before the final dilution. 
The counts after ten minutes. were not significantly different. After 
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SERIES 7 
(AcE, 21 Days; 3 X 10s P. C.) 
Time After Inoculation 
-
No. of 1 3 5 
No. of Group Chicks (10 min. ) (1 hr. ) day days days 
G 1 * ...... . ... 5 0 . 36 0 .05 0 .03 0.35 1.09 
±0 . 23 ±0 . 01 ±0 .03 ±0.12 ± 0.54 
G zt. . ... ... . . 5 0 .09 0 .03 0 .09 0.37 1.05 
±0 .09 ±0.02 ±0.06 ±0 . 14 ± 0 . 93 
G 3t. .... . .... 5 0.49 0.45 0 .31 2.75 10.22 
±0 .55 ±0.49 ±0 . 36 ±3 . 19 ±10 .34 
-
* Control ; 2.0 cc . physiological salt solution, days 0 and 1. · 
t 2. 0 cc. of solution containing 0. 9% NaCl and 0 . 4% sodium citrate, days 0 and 1. 
t 0 . 4 cc. normal duck plasma + 1 . 6 cc. physiological saline solution, days 0 and 1. 
one hour and five hours (not appearing in the table) the means of G 1 
and G 2 were practically the same, but G 3 almost maintained its initial 
level all the way through. Tests of the differences between G 1 and G 3 
for 1 hour, 5 hours, day 1, and day 3, however, did not show statistical 
significance, so great was the variation within the groups. It is believed, 
nevertheless, that the differences are real. It is obvious that sodium 
citrate did not affect the counts. 
Series 8. 
The controls, G 1, received 0.5 cc. of physiological salt solution 
on days 0 and 1, and the test chicks, Gs 2-4, received immune duck 
plasma on day 0 and day 1, beginning two hours before the inoculation, 
in the following amounts: G 2, 0.1 cc.; G 3, 0.2 cc.; G 4, 0.5 cc. The duck 
from which the plasma was obtained was a female with an ovary that 
was enlarging but not as yet ovulating, as was determined after it was 
bled to death. It was 120 days of age, had been inoculated when fourteen 
days old and, after recovery from the acute stage, showed a sub-latent 
type of infection. 
The ten minute and three hour counts were not unlike in the four 
groups. After a day, however, G 4, which received the largest amount of 
plasma, showed a mean parasitemia of 2.3 per cent while the other three 
groups averaged only about 1.3 per cent. The test of G 1 and G 4, how-
ever, yielded about P 0.10. When, however, G 2 was united with G 1 
and the combined groups tested against G 4, P 0.05 was obtained. Since 
G 2 received only 0.1 cc. of immune plasma per chick, such a testing 
procedure did not seem improper. When the recorded daily counts of 
each chick for days 9 and 12 were tested by the small-sample method 
it was found that G 4 was significantly different from G 1 on both days. 
It appears that the protective influence of the immune plasma actually 
began to be felt on day 7, but the test did not indicate significance. 
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SERIES 8 
(AoE, 20 DA vs; 3 X 10s P. C. ) 
Time After Inoculation 
--- ------------------------
No. of No. of (10 (3 1 3 5 7 9 12 14 
Group Chicks min .) hrs. ) day days days days days days days 
------------------------------ ------
G 1 • ..... 5 1.54 1.0 1 . 30 8 . 2 
±0 . 61 ±0 . 53 ±0 . 95 ± 5.46 
G 2f ...... 5 2 . 10 1.0 1.10 8.0 
±0 . 10 ± 0 . 2 ± . 6 ± 7.4 
G 3t . .. . .. 5 1 . 90 1.2 1 . 64 11.0 
±0 . 33 ±0.3 ±0 .82 ± 7 . 0 
G 4§ ...... 5 1 .42 1 . 5 2 . 3 14 . 0 
±0 . 34 ± 0 . 6 ±0 . 6 ± 4 . 9 
* Controls; no plasma. 
t 0. 1 cc. immune duck plasma, days 0 and 1. 
t 0 . 2 cc. immune duck plasma, days 0 and 1. 
§ 0 . 5 cc. immune duck plasma, days 0 and 1. 
29 . 2 30 . 6 30 .3 5 . 6 3 . 9 
±21 .8 ±39 . 5 ±21 . 2 ± 9.9 ± 7 . 6 
20 . 4 22 . 9 8 . 5 7. 6 9 . 6 
±16 .0 ±15.4 ± 4 .8 ±13 . 3 ±19.6 
22 .0 20.0 14 . 9 12 . 5 5 .7 
±17 .6 ±11.6 ±12 . 9 ±22.8 ±11.4 
25 .0 10 .8 0.42 0 . 11 + 
±16 . 7 ±13.3 ± 0.79 ± 0.19 
The test also showed that the smaller amounts of plasma, received by 
G 2 and. G 3, did not confer partial protection. 
Series 9. 
The controls, G 3, received 0.4 cc. of physiological salt solution on 
days 0 and 1, beginning two hours before inoculation, while G 1 and G 2 
received plasma from a relapsing duck in the same amounts. The male 
plasma donor,. forty-three days old when bled, had been inoculated 
when thirty days of age and survived the acute attack. By the eighth 
day of the infection the parasitemia had dropped to 1.2 per cent and 
SERIES 9 
{AoE, 16 DAYS; 2.5 X 108 P . C.) 
Time After Inoculation 
------------------------
No. of ( 5 (1 . 75 1 2 3 5 6 8 
No. of Group Chicks min.) hrs. ) day days days days days days 
---------------------
G 1 " .... .. . . 10 2.31 1 . 64 1.67 5.72 11 . 58 37 . 26 45 .12 22 .41 
± . 671 ±0 .728 ±1.09 ±2 . 14 ± 6 . 35 ±19 . 93 ±16 . 73 ±14.6 
G 2f . ....... 10 2.45 1 . 38 1. 73 6 . 26 10 .13 37 . 70 52 .17 27.88 
±0 . 554 ±0 . 557 ±0 . 91 ±2 . 79 ± 5 . 53 ±17 . 12 ±20 . 15 ±22 .11 
G 3t ....... 10 2 . 16 1.40 1.00 3.78 7 .03 23 . 46 39.88 30.67 
±0 .875 ±0 . 967 ±0 .88 ±2 . 54 ± 6 . 9 ±19.44 ±17 . 23 ±11 . 98 
-
• 0 . 4 cc. relapsing duck plasma, days 0- 2. 
t 0 . 4 cc. apsorbed relapsing duck plasma, days 0-2. 
t Control ; '() . 4 cc. physiological salt solution, days 0- 2. 
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by the ninth day to 0.87 per cent. On the twelfth day a parasitemia of 
4. 7 per cent was noted, and on the next day, when it was bled, it was 42 
per cent. The bird died two days later. A smear made of the blood 
after death showed a parasitemia of over 50 per cent. The "adsorbed 
plasma" had been mixed with 4 X 108 duck P. C. per cc. and maintained 
at 37°C. for one and three-fourths hours before it was injected. 
The table shows that the mean counts of the three groups for five 
minutes and one and three-fourths hours were practically the same, and 
the mean counts for G 1 and G 2 for day 1 were almost identical. Testing 
of the counts for the tw€nty plasma recipients (G 1 and G 2) on day 1 
against those for the ten controls (G 3) yielded P 0.07. The authors 
believe the difference is significant, nevertheless, especially in view of 
the fact that the means of G 1 and G 2 on day 1 were 73 and 70 per cent, 
respectively, of their five-minute means, while the mean of G 3 for the 
same day had fallen to 46 per cent of its level at five minutes. The 
discrepancies are about 59 per cent and 52 per cent, respectively, when 
46 per cent is taken as the denominator. 
It is obvious that this relapse plasma conferred no degree of pro-
tection on the recipients. 
Series 10. 
There were but two groups in this series: G 1, which received only 
physiological salt solution, and G 2, which received the plasma of a 
relapsing duck. The saline and plasma injections were in 0.5 cc. amounts 
for the first three days, beginning two hours before inoculation, and 
1 cc. amounts on the next day. The duck was a large 125-day-old male 
which had been inoculated when 2 weeks of age, recovered from the 
acute attack, and thereafter apparently experienced an infection of 
the intermittent type until it was found relapsing with a 35 per cent 
parasitemia on the lllth day of the infection. Since it had not been 
examined for several days previously, it was not known whether the 
parasit€·mia was on the increase or decrease, and since the duck was 
bled to death there was no way of determining this point. The counts 
after ten minutes, two hours, and six hours appear in the table but 
do not indicate any significant trend, although the ten-minute counts 
for the relapse plasma group were higher and the advantage passed 
to the other group thereafter. On day 1 the controls had 2.5 times 
as intense parasitemia as the test series, and maintained an advantage 
throughout. When the counts on each chick for days 1, 2, 3, 4, 5 (equals 
an average of days 4 and 6), and 6 were added and the totals treated 
as variables, the difference between the groups was highly significant. 
The conclusion is that, since the blood of this relapsing duck was 
so highly charged with antibody, its effects were already indubitably 
apparent one day after the first injection into chicks. The host had 
already passed the crisis of the relapse state. 
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SERIES 10 
(AGE, 15 DAYS; 4 X 108 P. C.) 
Time After Inoculation 
------·----·----
No. of No. of (10 (2 (6 1 2 3 
Group Chicks min. ) hrs. ) hrs .) day days days 
----------
G 1 * ...... St 4 .9 4 . 1 2.0 2.2 9.3 14.0 
±1 .1 ±0 .8 ±0 .6 ±0.2 ±1.8 2.2 
G 2t .. .. .. 5 6 .8 2 .4 1.6 0.9 2. 7 3 .3 
±1 . 5 ±0.6 ±0 .2 ±0.1 ±0.5 ± 0.5 
*Controls; 0. 5 cc. physiological salt solution, days 0- 3. 
t 0. 5 cc. relapsing duck plasma, days 0- 2; 1.0 cc., day 3. 
t 1 chick died on day 8. 
Series 11 and 12. 
---
4 
days 
---
47.3 
± 8. 1 
6.4 
± 1.0 
--------
6 9 16 
days days days 
-------
66 .0 24.0 32 .0 
± 5 .1 ± 4.0 ±18.4 
3.8 5.9 0 
± 0.9 ± 8 .1 
In these series, the sparing effects of duck plasma on the removal 
of duck P. C. from the circulating blood were not apparent. · In Series 11 
there were six chicks in each of five groups injected on days 0 and 1, as 
follows: G 1, controls, recipients of 0.5 cc. physiological salt solution; 
G 2 and G 3, recipients of 0.5 cc. and 0.2 cc., respectively, of plasma 
from an immune 150-day-old male duck with a post-crisis infection of 
the latent type; G 4 and G 5, recipients of 0.5 cc. and 0.2 cc. of 
plasma, respectively, pooled from two normal 65-day-old male ducks. 
The plasma was administered in the vein of one wing immediately 
before the parasitized cells suspended in physiological salt solution 
were injected into the vein of the other wing. At 1. 75 hours after 
inoculation, the means of the five groups in numerical order were: 
2.3, 2.0, 2.0, 2.2, 2.0. After one day: 4.4, 4.8, 2.9, 5.1, 5.5. After three 
days: 22, 24, 20, 26, 27. After six days: 19, 26, 32, 10, 37. Certainly 
neither a significant sparing effect nor a notable partial protection 
could be claimed for any of the plasma injections on the basis of such 
data. 
In Series 12 there were three groups of five chicks each treated as 
follows: G 1, 0.5 cc. of physiological salt solution on days 0 and 1; G 2, 
0.3 cc. of plasma on days 0 and 1 from a male immune duck with a 
post-crisis course of infection of the sublatent type; G 3, the same as G 2 
except that the plasma amounts were 0.5 cc. The mean counts at the 
end of the following intervals after inoculation were practically identical: 
one hour, 0.9, 1.1, 1.2; one day, 0.7, 1.0, 1.0; three days, 3.7, 4.5, 4.9; 
five days, 28.8, 33.0, 34.2; and eight days, 23.0, 17.4, 14.2. 
These two series do not appear in the tables. 
Series 13. 
Since this series is the most impressive of all in demonstrating 
the sparing effect of duck plasma on duck P. C., the complete record 
of the parasitemia is permitted to appear in the table. The number of 
INFLUENCE OF DUCK PLASMAS ON CHICK INFECTIONS 337 
SERIES 13 
(AGE, 12 DA vs; 5 . 5 X 108 P. C.) 
Time After Inoculation 
----··- ·--·-
I ~;ys-· 1 1 Chick (5 min.) day 
583 5.5 1. 5 11 
584 5.1 3.7 35 
585 5.3 3.2 23 
586 2 .1 0 .3 2 
587 4.9 3 .0 36 
588 1.0 0 .1 1 
595 4 .7 0 .9 10 
596 5.5 4 .8 20 
G 1* 
(control) 597 3 .5 1 .4 12 
598 2 .7 1.2 12 
599 4 .2 4 .7 25 
600 2 .7 0 .6 4 
607 5.4 1.8 9 
608 3.7 0.6 4 
609 1. 9 0.3 2 
610 5.4 3.4 20 
611 5 .1 3 .7 34 
Total 68 .7 35 .2 260 
Mean 4 .04 2 .07 15 .3 
589 2.8 8 .7 28 
590 4 .5 10.6 37 
591 5 .3 2 .8 20 
592 4 .8 8.4 25 
593 5 .0 6 .3 38 
594 3.9 9.3 34 
601 6 .0 10 .2 33 
602 3.0 4 .6 23 
G 2t 
(plasma re- 603 5 .0 5 .9 30 
cipients) 604 4 .6 2 .8 20 
605 4.1 6 .6 30 
606 4 .7 4 .7 26 
612 4 .1 3.4 24 
613 2 .9 8 .2 38 
614 4 .7 1.1 9 
615 4 .3 4 .9 36 
616 4.9 5 .6 31 
Total 74.6 104 .1 482 
Mean 4 .39 6 . 12 28.4 
* Controls; 1.0 cc. physiological salt solution on day 0. 
t 1 . 0 cc. immune duck plasma on day 0. 
5 7 
days days 
35 33 
51 12 
65 31 
6 10 
65 33 
5 7 
41 19 
58 37 
50 4 
37 7 
64 16 
16 12 
53 31 
19 12 
14 3 
54 19 
68 1 
701 287 
41.2 16 .9 
41 4.0 
48 13.0 
11 0 .1 
21 0 .2 
44 0 .2 
46 10 .0 
55 25.0 
48 1. 5 
32 2 .7 
37 0 .2 
28 1.4 
35 0 .3 
41 13 
35 1 
29 3 
26 0.3 
22 0 
599 75.9 
35 .2 4 .5 
10 
days 
1.0 
0 .1 
31.0 
+ 
24.0 
0 .0 
0 .1 
59 .5 
0 .0 
+ 0 .3 
0.0 
5.8 
0.0 
0 .0 
0.0 
0 .0 
121 .8 
7 .2 
0.0 
0.2 
0 .0 
0 .0 
0 .0 
0 .2 
1. 5 
0.0 
0 .0 
0 .0 
+ 0.0 
0.0 
0 .0 
0 .0 
0.0 
0 .0 
1.9 
0.1 
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duck P. C. injected was large, viz., 5.5 X 108 P. C. The cells w~re washed 
three times in physiological salt solution before the final dilution. G 1 
received 1.0 cc. of physiological salt solution one and one-half hours 
before injection of the P. C., while G 2 received 1.0 cc. of pooled im-
mune duck plasma. The donor ducks were two 60-day-old males which 
had experienced the latent type infection following the crisis 20 days 
before the bloods were drawn. There were seventeen chicks in each 
group, and they were injected in the order of their numerical designa-
tions, not in the order in which they appear in the table. 
At the five-minute mark the mean counts for the two series were 
not unlike, but after twenty-four hours the mean of G 2 was practically 
three times that of G 1, and, it should be noted, the mean of G 2 rose 
over the twenty-four-hour period, while that of G 1 declined almost 50 
per cent. The difference between the means of the two groups is highly 
significant, according to the Fisher small-sample test. The mean of G 2 
was not quite twice that of G 1 by the third day, but here again the 
difference is highly significant. The controls had more than caught up 
with the plasma-recipients by the fifth day, and surpassed them in an 
impressive manner by the seventh day. In fact,. the differences on the 
latter day were statistically highly significant; i.e., the P-value was 
less than 0.01. Evidently, then, the single administration of plasma con-
tained sufficient antibody to confer, passively, a degree of protection. 
SUMMARY AND DISCUSSION 
The present discussion will be brief and will be limited mostly to 
what has actually been proved and to pointing out what may be the 
significance of these results. First, it has been proved that immune and 
normal duck plasma very often exert a sparing action on the removal 
of parasitized duck erythrocytes from the peripheral circulation. The 
potency of this action was in some cases practically nil (Series 3, 11, 12), 
in others it was apparently slight (Series 1, 4, 6, 7), in others again it 
was more or less significantly strong (Series 1, 4, 5, 8), while in certain 
cases it was exceedingly strong (Series 3, 13). While the most striking 
results were obtained with plasma from immune ducks with various 
'types of post-crisis infections, the sparing effect was also produced with 
the plasma of normal ducks. Passage plasm.a also seemed to exhibit a 
similar sparing action (Series 5). 
Secondly, it has been proved that immune duck plasma, when 
administered in sufficient amounts and with sufficient frequency, may 
confer a passively acquired protective effect on chicks inoculated with 
parasitized duck cells. The differences obtained may be statistically 
significant or near-significant (Series 1, 2, 3, 4, 8, 10, 13). The potency 
of the immune duck plasma used in this way does not compare unfav-
orably with that of immune chicken serum administered to chicks, as 
reported by Taliaferro and Taliaferro (11) . Normal duck plasma may 
also at times exert demonstrable partial protection when administered 
to chicks which are later injected with infected duck cells (Series 3, 4) . 
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Thirdly, immune chicken plasma from chicks originally inoculated 
with parasitized duck cells has been shown to possess extremely strong 
protecti:ve powers when injected into chicks inoculated with parasitized 
duck cells (Series 1, 3). The extreme potency of such plasma is prob-
ably due to a combination of haemolysin and antibody to the malarial 
parasite, but immune plasma from chicks originally inoculated with 
parasitized chick cells may also exert a notable partially protective 
action (Series 4). 
The sparing action of duck plasmas on the removal of duck cells, 
parasitized with P. lophurae, from the circulating blood of the chick may 
possibly be of significance, not only as a partial explanation of relapse 
in lophurae-malaria, but also of the physiological problem of why the 
macrophages of certain organs of the b~dy, such as the spleen, do not 
normally phagocytose normal erythrocytes while removing misshapen, 
effete, or diseased erythrocytes from the circulation. 
What are the possibilities of the part played by the aforementioned 
sparing action in the mechanism of relapse in malaria? In a number of 
series . (viz., 1, 3, 4, 8, 13), immune plasma revealed an initial sparing 
action, but after continued administration proceeded to confer a degree 
of protection on the host. In certain series (2, 10), the protective effect 
was apparent so early that the sparing effect, if any, was obscured. 
If one were to conceive of the sparing effect as evidence of the operation 
of a fundamentally basic sparing mechanism toward preserving all 
erythrocytes, except the most abnormal, and of malarial antibody 
(opsonin) as a substance which excludes parasitized erythrocytes from 
the protection afforded red cells by normal plasma, then a start would 
have been made toward formulating a theory of relapse in accord 
with the observed facts. It is generally accepted theory at the present 
time that opsonin is more concentrated in the blood immediately after 
the initial acute attack than it is some time later, and that constant 
stimulation of the defense mechanism of the host is required to maintain 
the immune state known as premunition. 
Presumably, then, relapses would occur when malarial oi::sonin 
concentration becomes very low, as in the relapsing duck of Series 9. 
If it could be proved that relapse occurs at such time as ·the sparing 
potency of the plasma exceeds the potency of the opsonin, as it normally 
would during the development of the acute attack in the duck before 
the crisis, then a better understanding of the cause of relapse would 
have been attained. Furthermore, if it could be shown that the different 
degrees of efficiency of the sparing action in different ducks are related 
to the various courses taken during the post-crisis infection (2) , then 
a much better understanding of why certain ducks exhibit the recru-
descent type of post-crisis infection, with marked relapses, would also be 
attained. 
The authors have only begun to study relapses with the above-stated 
hypothesis in mind. Series 9 was concerned with the plasma of a duck 
taken in relapse and, we believe, demonstrated both that there was no, 
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or at least very little, antibody concentration in the blood at the time 
the blood was taken and the plasma exhibited sparing action. The 
results obtained in Series 10 would seem to indicate that the blood was 
drawn after the host had reacted powerfully to the increasing para-
sitemia, and at that moment the blood was powerfully charged with 
antibody. Thus the ascertaining of how far the relapse was proceeded 
and to what degree the host has reacted, when a duck is taken in relapse, 
presents grave, though perhaps not insurmountable, problems. 
The criticism will very naturally be made that the phenomenon 
which we call the sparing action is simply the result of blocking the 
R-E system. It is held by the authors that the effect observed is not 
the result of blocking in the ordinarily accepted immunological sense 
because, as was pointed out above, the first injection of plasma may 
produ_ce the sparing effect, while continued injections on consecutive 
days may actually result in partial protection to the host. In the process 
of blocking, in the ordinarily accepted sense of the term, injections of 
the blocking material are continued in order to immobilize the bodily 
defenses. 
CONCLUSIONS 
1. Immune and normal duck plasmas may exert a sparing action 
on the removal of duck erythrocytes, parasitized with Plasmodium 
lophurae, from the peripheral circulation of chicks. 
2. Plasma from ducks recovered from the primary attack may 
confer a passively acquired partial protection on chicks inoculated with 
parasitized duck cells. 
3. Plasma from normal ducks may also exert a similar protective 
effect. 
4. Plasma from immune chickens originally injected with para-
sitized duck erythrocytes exhibits an extremely potent protective action 
in infections in chicks inoculated with parasitized duck cells. 
5. Plasma from immune chicks originally injected with parasitized 
chicken erythrocytes may also exhibit potent protective properties in 
chick infections originating from parasitized duck erythrocytes. 
6. Plasma taken from ducks in relapse may exert an initial sparing 
effect on the removal of duck erythrocytes from the blood of injected 
chicks, or exhibit extremely potent antibody properties almost from 
the very start. The difference in behavior is, presumably, attributable 
to whether or not the host has reacted to the recrudescense of the 
parasitemia. 
7. Further study of relapses is indicated. 
8. The interrelatiopships of the aforementioned sparing action of 
duck plasma and concentration of antibody in duck blood constitute a 
problem that may have important implications in the problem of the 
nature of relapse in Zophurae-malaria. 
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In the early days most of the streams of northeastern Iowa pro-
vided good fishing for smallmouth black bass, M icropterus dolomieu 
dolomieu (Lacepede). Many of these streams still support bass, but 
in others the bass are gone. The present study was initiated in July, 
1947, to secure the scientific information necessary for management of 
the streams for better bass fishing. 
DESCRIPTION OF STREAMS 
_Coffin (Prairie 3 ) Creek near Manchester, Delaware County, was 
selected as the chief site for study. It supported a dense population of 
smallmouth and its small size and clean water provided excellent oppor-
tunity for observation. At low water stages in the summer this stream 
varied in width from ten feet at the narrowest . riffles to forty feet in 
the widest pools. The depth varied from six inches at the wider riffles 
to a maximum depth of six to eight feet in the deepest pools. Most 
pools had a maximum depth of three to four feet. 
Early in the summer two stations were established along Coffin 
Creek. One mile of stream west of the bridge near Rocky Hill School 
(T 89N R 6W Sec. 26) was designated as Station 1, and that section of 
stream east of the bridge to the point where Coffin Creek enters the 
Maquoketa River was designated as Station 2. Later in the summer 
Station 1-A was established as the mile of the creek directly upstream 
from Station 1. Stations 1 and 2 were similar in respect to bottom type 
with gravel in riffles and sand or sand silt in the pools. The bottom at 
' 
' Iowa Cooperative Fisheries Research Unit Project 38, sponsored by the 
Iowa State Conservation Commission and the Industrial Science Research Institute 
of Iowa State College, with the cooperation of the United States Fish and Wildlife 
Service. 
' The author wishes to express his appreciation to all who have aided in this 
study: To David Fitzpatrick and G. H. Gill of Manchester, Frank Brecht of Norway, 
and Earl Scherf of the State Conservation Commission for information on the 
streams; to Dr. T. G. Scott, Dr. Elmo Hardy, and Dr. William C. Starrett for aid 
in identification of food items; to Dr. H. M. Harris and Dr. George Hendrickson of 
the Department of Zoology and Entomology for suggestions; and to Dr. Kenneth 
D. Carlander for guidance and suggestions. 
"This creek is listed on the maps as Prairie Creek but is known locally as 
Coffin Creek. This more distinctive name is used here since Prairie Creek in 
Benton County was also investigated. 
[ 343] 
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Station 1-A differed from the other two stations. Most riffles had rubble 
or boulder bottom, and gravel was common at the tail of pools. 
Six other Iowa streams were investigated to obtain specimens of 
smallmouth for comparative data. Four of these streams, Lime Creek 
near Brandon in Buchanan County, Lamont Creek north of Dundee 
in Delaware County, Prairie Creek south of Norway in Benton County, 
and Beaver Creek near Aplington in Butler County, were small streams 
with the same general characteristics as Coffin Creek; but Prairie 
Creek and Beaver Creek were characteristically slightly turbid due to 
suspended silt. Two streams, the Maquoketa and Yellow Rivers, were 
larger. 
AGE AND GROWTH 
Scales were collected from 104 smallmouth black bass taken by 
angling during the summer of 1947. In addition scales from six small 
bass, seined from the Des Moines River by Dr. William C. Starrett, 
and from eight specimens from Iowa lakes were studied for comparative 
purposes. All fish were measured fresh and all lengths are given as 
standard lengths, unless otherwise mentioned. Length conversion factors 
based upon 104 specimens were computed as follows: · 
Fork length = 1.17 standard lengths 
Total length = 1.24 standard lengths 
Total length = 1.06 fork lengths 
The body scale relationship was determined by plotting the mean 
body lengths at 20 millimeter intervals against the mean scale radii 
and fitting a straight line to the data by the least squares method 
(Table 1). The point of interception of this line with the length axis 
was 44 millimeters, which was used instead of zero as the base for 
T ABLE 1 
Boov-ScALE R ELATIONSHIP OF 103 SMALLMOUTH BLACK BASS FROM SEVEN IowA STREAMS 
--i- Number of 
Standard Length in .Millimeters Fish 
103 . . . .. . . . .............. . . . . 
120 ... .. .. . ....................... . 
138 ............................... . . 
159 . ........ . . .... .......... ... . 
181 ... .... ... . . .... . ............... . 
199 . ............................... . 
221 .... ... .. ............... . .... .. . . 
239 . ..... . ..•.................. 
258 . ...... . ... .... .... . ... . ..... . .. . 
273 ..... ... .... ........ . .. . .. ... ... ' 
299 .' ' .. ' '' ... . ' .. ' . . '' .. ' .. ' '' .... ' 
T otal .. ............................. 
1
1 
4 
3 
4 
10 
14 
30 
20 
8 
4 
3 
3 
103 
* Expressed as millimeters at a magnification of 27x. 
t L = 41 mm. + l . 88R. 
Anterior * Calculated t 
Scale Radius Scale Radius 
31 33 
47 42 
51 52 
64 63 
75 74 
82 84 
89 95 
108 105 
119 115 
11 8 123 
140 137 
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growth calculations made on a direct proportion basis with a nomo-
graph (3). 
Although only the growth data from four streams can be considered 
based upon enough specimens to be considered significant, the data on 
all specimens are recorded in Table 2 for the sake of completeness. 
The greatest increase in length occurred in the first year and the annual 
increment in length decreased each year thereafter, but the annual 
increment in weight (as estimated from the length-weight relationship 
discussed later) continued to increase as the bass got older. 
TABLE 2 
AVERAGE CALCULATED L ENGTHS AT T H E END OF EACH Y EAR FOR SMALLMOUTH B LACK B AS 
F R O M EIG HT S TREAMS AND THREE L AKES JN l ow A 
Source and Date 
Lamont Creek, 1947 ........... . 
Coffin Creek, 1947 ... . 
Line Creek, 194 7 ............. . . 
Maquoketa River, 1947 . . ....... . 
Prairie Creek, 1947 ... . ... . .. . . . 
Yellow R iver, 1947 ......... .... . 
Beaver Creek, 1947 .. . .... .. ... . 
D es M oines R iver, 1947 ........ . 
West Okoboj i Lake, 1941 .. . 
Spirit Lake, 1941 & 1942 ....... . 
Clear Lake, 1941 & 1947 ....... . 
Total ..... .. . ... . .. . ... . 
Average ......... . 
Eq uivalen t tota l length in inches . 
Average increment in mi llimeters . . 
Average incremen t in grams . 
Num-
ber S tandard Length in Mm. a t Each Annulus 
of ----------------
Fish 1 2 3 4 5 6 7 8 
·- ----------------
8 
67 
11 
5 
10 
1 
1 
6 
3 
2 
2 
116 
88 139 202 248 ' . ' . . . .. 
75 116 170 203 ..... . . . . . 
76 121 170 188 . .... . . .. . 
73 11 6 151 175 . . . .. . . . . . 
70 109 150 168 218 242 ' 273 
73 124 181 216 . . . . . . .... 
67 11 5 152 191 . . ' . ~ . ... 
73 ... . . . . .. . . . . . . . .... . . . . . 
77 11 5 152 178 204 203 226 
76 108 142 177 216 251 282 297 
86 116 159 201 239 287 315 336 
76 11 7 167 189 218 247 275 311 
3 .7 5 .7 7.8 9 .8 11 .7 14 .0 15 .4 16 . 4 
76 42 46 36 34 29 28 32 
12 29 59 82 108 125 151 226 
Most of the bass came from four streams (Table 3). The fastest 
growth was exhibited by the Lamont Creek smallmouth which reached 
the legal length of ten inches near the end of their third summer of 
growth. Bass from Coffin Creek attained the ten-inch legal length 
during their fifth summer .of life, and the bass in Lime Creek reached 
the length of ten inches near the end of their fifth summer. Growth 
in the first three years was as rapid in Lime Creek as in Coffin Creek 
but appeared to be retarded during the fourth year. The smallmouth 
from Prairie Creek were collected in two groups. The members of the 
first group, taken in August, were all slow growing fish of four years 
or more of age. The individuals collected in September were young, 
fast growing fish and were in noticeably better condition when collected. 
Three smallmouth collected in September were in their fourth summer 
346 WILLIAM HAROLD TATE 
of life and all were above the legal size limit of ten inches; while none 
of the five smallmouth in their fifth summer of life when collected 
in August was over ten inches in length. This difference may be due to 
the small size of the samples taken or it may indicate the presence 
of two populations of bass in this small creek. The absence of fish over 
four years of age in three small streams suggests the possibility that 
there may be a movement of smallmouth toward the larger streams. 
TABLE3 
AVERAGE CALCULATE D LENGTHS OF SMALLMOUTH BLACK BASS IN EACH AGE CLASS, COLLECTED 
FROM FouR SMALL IowA CREE KS, juLv To SEPTE MBER, 1947 
Age Class 
A. Coffin Creek 
I ....... .......... . 
II ................ . 
III .... .. ..... .. .. . 
IV .......... . 
B. Lamont Creek 
I .. ... .. .......... . 
II . ... ............ . 
III ............. . . . 
IV ............... . 
C. Lime Creek 
I ...... .......... .. 
II . . . ............. . 
III ........... .. .. . 
IV .......... . 
D . Prairie Creek 
II . . . . ............ . 
III . ........ ...... . 
IV ... . . . . ........ . 
VII .... ......... .. . 
Standard Length in Mm. at Each Annulus Standard 
Number ---- -·-----·· -·-- Lengthat E_xamin~ __ 1 _\ ~ _\ ~-l-~J_5 \ __ ~ J _1 __ Captu..'.::_ 
9 
10 
42 
6 
2 
3 
3 
1 
1 
6 
3 
1 
3 
5 
1 
83 
68 
76 
75 
85 
88 
90 
77 
67 
79 
73 
78 
70 
69 
73 
112 
117 
116 
134 
143 
113 
126 
114 
124 
122 
97 
113 
..... 
171 
163 203 
. . . . . 
205 
199 248 
..... 
..... 
176 
154 188 
186 
130 164 
146 187 
. . . . . . . . . . . .... 126 
..... . . . . . . . . .. 160 
. . . . . ..... . . . . 210 
. . . . . ..... . . . .. 232 
. . .. . ..... . .... 126 
. . .. . . .. . . . .... 
. . . . . . .. .. . . . . . 264 
..... . . .. . . . .. . 283 
. . . . . . . .. . . . .. . 152 * 
. . . . . . . . . . . . . . . 183 * 
' • 'I ' ... .. . . . . . 188 
208 
..... . . 185 
235 
195 
218 242 273 305 
-------------~--~-----~---------~ 
* Caught in September . 
The collection of sixty-seven smallmouth from Coffin Creek in-
cluded forty-two 3-year-olds (1944 year class). Further investigation 
is necessary before this year class can be identified as a dominant year 
class. The fact that this was the youngest age group in which all 
members were susceptible to angling probably influenced the result. 
Angling and observation indicated that older or larger fish were very 
scarce. All angling in this stream occurred within three miles of its 
mouth. The larger fish may have moved into the Maquoketa River and 
contributed to the relative dominance of the 1944 year class. 
Tester (9) stated that the average female smallmouth black 
bass from Perch Lake, Ontario, grew at a slightly slower rate than the 
males but the difference was not detected in later years of life. Bennett 
(2) was unable to find a consistent growth differential between the 
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sexes of smallmouth black bass in Wisconsin. The average growth 
rates of twenty-two female and of sixteen male 3-year bass from Coffin 
CrE:ek were found to be almost identical and when analyzed statistically 
(t test) the mean differences did not approach significance. 
The sex ratio of ninety-five smallmouth black bass taken from 
two streams was fifty-three males to forty-two females. All of the bass 
over 8.4 inches, total length, or in their third year of life were mature 
TABLE4 
COMPARISON OF SMALLMOUTH BLACK BASS GROWTH IN VARIOUS AREAS 
Average Total Length in Inches by Age Class 
- - -· - -- -- - ~--- -- --
I Locality and Authority 2 3 4 5 6 7 8 
-------- - - - -- ·---------- - ---- --·-
Iowa .......... 5 .6 8.1 10.4 10.7 11. 7 . . . 14 . 1 16 .5 
(Present study) 
Norris Reservoir .... 3 . 1 8.9 13.3 15.8 17 . 4 18 . 1 18 .6 
(Stroud, 1948) 
Michigan .. .... .... 5.9 9 0 11 .2 13 . 3 15 .0 15.3 16 . 4 16 .8 
(Beckman, 1949) 
Ontario Lakes ..... 6 .0* 7.4 9 . 4 11.8 13 . 2 13.9 14.6 15.2 
(Doan, 1940) 
Perch Lake, Ontatio . .. . 4 . 4* 6 .6 8 . 2 9 .9 11 . l 12 . 4 13 . 3 13 .8 
(Tester, 1932) 
Wisconsin .. . . .. ... ... . 
(Bennett, 1938) 
2.4t 5 :7 8.8 11.4 13 .4 14 .8 15.9 16 .9 
Maine Lakes and Ponds . .. . .. .. . . . . . . 7.9 9 . 9 11.6 13 .0 14 .6 15 .4 
(Fuller and Cooper, 1946) 
lake St. George, Maine . .. 
(Fuller and Cooper, 1946) 
6 .3 7.6 9 .6 11.5 13 .0 14 .2 
---· 
*Converted from standard length using Beckman's (1945) factors for conversion. 
t Calculated lengths at end of growin_g season. 
enough to spawn the following spring. Among the thirteen 2-year fish, 
only two were immature and these were the two smallest in the age 
class: a female of 5.7 inches and a male of 6.3 inches. None of the 
1-year fish was mature although some of the males were 7.5 inches, 
total length. Maturity is apparently controlled by age and by length. 
Eschmeyer ( 5) found that all 2-year smallmouth bass collected from 
Norris Reservoir were mature. 
The growth rate of the smallmouth black bass varies considerably 
within its natural and introduced range (Table 4). This variation indi-
cates the necessity for growth study in any area where management 
is contemplated. The most rapid rate of growth was reported by Esch-
meyer (5) for the smallmouth introduced into Norris Reservoir, 
Tennessee. Although the growth rate has decreased since 1940, it is 
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still greater than in other areas (7). The slowest growth occurs in 
Ontario Lakes near the northern limit of the smallmouth's range (9) and 
in Lake St. George, Maine, where the smallmouth was introduced (6) . 
The smallmouth from the Iowa streams apparently grow at a slower rate 
than those of Michigan (1) and Wisconsin (2). The Wisconsin and Michi-
gan smallmouth were chiefly from lakes which may partly account for 
the greater average growth rate. 
LENGTH-WEIGHT RELATIONSHIP 
The relationship between standard length in millimeters (L) and 
weight in grams (W) from Iowa streams (Table 5) can be described 
by the following formula: 
Log W = - 4.8128 + 3.09353 Log L 
The coefficient of condition (K) has been widely used to express 
the relative plumpness of fish: 
w 1Q5 
K 
L3 
where W = weight in grams 
and L = standard length in millimeters 
The average K for 104 smallmouth bass collected from Iowa streams 
in 1947 was 2.49 (Table 5) , which indicates that the fish were heavier 
for their length than has been rep<;irted for smallmouths elsewhere. 
TABLE 5 
THE LENGTH-WEIGHT R£LATl01'SHIP AND COEFFICIENT OF CONDITION, K, OF IOWA 
SMALL MOUTH BLACK BASS, JULY TO SEPTEMBER, 1947 
Average Average 
Standard Total Average Calculated 
Length in Length in Number Weight in Weight in Weight in Average 
Mm.* Inches t of Fish Grams Gramst Ounces K 
103 . . .... . ... . . . 5 .0 4 24 26 0 .9 2 .57 
120 ... . ... . . . . . . 5 .9 3 44 42 1 . 5 2.56 
137 . ... . . .. . .. .. 6 . 5 4 64 63 2.2 2.42 
159 . . .. . ... . .. . . 7 .8 10 111 100 3.5 2 .69 
181 .. ... . . . . ... . 8 .8 14 135 149 5 .3 2.69 
199 ............. 9 .8 30 197 200 7. 1 2 . 44 
221 . ... . . ....... 10 .7 21 298 276 9 .7 2.46 
239 . . . .. ........ 11 .6 8 328 352 12 .4 2 .39 
258 .... . . ...... . 12 .6 4 457 446 15 . 7 2 .64 
273 ... . ... . . . . . . 14 .0 3 528 531 18 .7 2.56 
299 . ..... . .. . . . . 14 .7 3 697 704 24.8 2 .62 
Total 104 Grand average 2 .49 
*Fish were grouped by 20 millimeter size classes. 
t Converted from standard length using ratio 1: 1.24 as determined for Iowa smallmouth. 
t Log W = - 4 . 8128 + 3 . 09353 Log L. 
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Stroud (7) reported an average K of 2.23 for 250 smallmouth bass 
from Norris Reservoir, Tennessee. The average K of forty-two age 
class III smallmouths from Coffin Creek was 2.48. This is considerably 
higher than that reported by Bennett (2) for smallmouths of age 
class III from six Wisconsin lakes (1.90-2.23). 
The average K of eight fish from Lamont Creek was 2.64, of 
six ty-seven fish from Coffin Creek was 2.48, of eleven from Lime Creek 
was 2.42, and of ten from Prairie Creek was 2.40. It is of interest to 
note that the K values are highest in the creek with the most rapid 
growth, and the populations are in the same order when arranged 
according to K or growth rate. Bennett (2) found a reverse corre-
lation with the slower growing smallmouth bass populations showing 
a higher coefficient of condition than the fast growing populations. 
FOOD 
Most of the data published on the food hab.its of smallmouth black 
bass are from lakes an d ar e not directly comparable to those obtained 
in examining the stomachs of ninety-five bass from Iowa small streams 
(Table 6) . All such studies do show that the staple foods for the mature 
smallmouth are crayfish and minnows. Surber (8) has contributed 
a comprehensive quantitative study of available food in relation to 
stomach contents of the smallmouth in three eastern streams. He found 
TABLE 6 
Fooo OF NINETY-FIVE S M ALLMOUTH BLACK B ASS F RO\! SEVEN SMALL I owA STRE AMS 
Number of 
Stomachs Percentage Total 
Containing of Number of 
•Food I tem I tem O ccurrence I tems 
- -- ---- -- - -----
Arthropods 
Crayfish Crustacea .... ....... .... 29 30.5 35 
Insecta . . .. .. . . . . . .. . . . . Insects 20 20 .1 88 
terrestri~l 12 12.6 21 
aquatic 8 8 .4 67 
Vertebrates 
P isces . . ..... . ... . . . . . . . Fish 37 38 9 41 
minnows 26 28 .4 29 
sunfish 1 1 .0 2 
da rters 1 1.0 1 
m ad toms 1 1.0 1 
lampreys 1 1 .0 1 
fish remains 7 7. 4 7 
Amphibia ... . . . . . . . . . . . Frogs 2 2 .1 2 
Aves .... .. . . . . . . .. . .... Bi rds 1 1.0 1 
Empty Stomachs ........... 31 32.6 
Tota l .... . ... ........ . . . . . . . . .... . . . . . . . . . . . . . . . . . ... . ... . ... 167 
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that in the Cacapon River the smallmouth took tiny midges and other 
small food items because of a shortage of forage fish. The same general 
conditions existed in the South Branch of the Potomac River. The per-
centage of incidence of empty stomachs in these streams was low 
while that of the Shenandoah was rather high. The viscera of Shenan-
doah smallmouth were covered with fat which would allow periods 
of fasting. In Coffin Creek (Table 7) , a fairly high percentage of the 
TABLE 7 
Fooo OF S MALLMOUTH B LACK B ASS F R OM T HREE STREAMS IN VIRGINIA * 
A ND COFFrN C R EEK IN I OW A 
Percentage Containing 
Percentage 1---- --
Stream Empty Crayfish I Fish 
----· 
Cacapon River ...... . ..................... 13. 5 12 .5 26 .0 
South Branch Potomac River ...... ........ . 14 .6 12 .5 20 .8 
Shena ndoah River ............. .... ......... 20.8 8.5 56.6 
Coffin Creek .. .. .. ... ... .... .. .... . ... . .... 34.4 22.6 37 .7 
*Surber, 1941. 
bass which were taken had empty stomachs, but the viscera were 
covered with a layer of fat and the fish were in good condition. All 
of the streams in this study supported large populations of minnows 
and crayfish. 
FISHING INTENSITY AND CATCH 
A total of 115.17 man-hours was spent angling during July, August, 
and September of 1947. Thirty-seven periods of fishing averaging 3.11 
hours in duration were spent in the field with an average catch of 2.81 
fish per trip (range, 0 to 13). The catch-per-hour and the average 
size of the fish taken did not diminish as the season progressed (Table 
8). Fishing pressure was concentrated ·on Coffin Creek during all three 
months, and about the same amount of time was spent angling in other 
streams each month in an effort to maintain fishing intensity at the 
same level. Lamont Creek bass had the greatest average total length 
at capture, but the catch-per-hour was the lowest of all streams (Table 
9). Observation, as well as fishing, indicated a low population density 
in Lamont Creek in 194 7. Coffin Creek, Lime Creek, Prairie Creek, 
and the Maquoketa River near Dundee were observed to have large 
populations of smallmouth and in all these streams the catch-per-hour 
was high (Table 9). 
Forty-eight (46 per cent) of the 104 smallmouth taken in 1947 
were of legal length, over ten inches. Twenty-six of the fifty-six small-
mouth under legal length were less than one inch short. Observation, 
in addition to the angling, indicated there were few bass larger than 
those caught in the sections of the stream studied. 
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TABLE 8 
FISHING INTENSITY AND CATCH BY MONTH OF SMALLMOUTH BLACK BASS 
FROM SEVEN SMALL IowA STREAMS, 1947 
Month July August September 
No. of fish ....... ......... ... 31 37 36 
Angling hours . . ............. .. 44.09 38.25 32 .83 
Catch per hour . . .............. 0 . 72 0.97 1.09 
s~:::~~~ '.~ .i~~~~s _<~ota.l .... ... 4 . 7- 13 . 6 5 . 9- 15 . 1 5.7- 13 . 2 
Average total length . . .. . . .... , . 9 .2 10 . 2 9.6 
No. of trips . ..... .. . .... . .... . 15 12 10 
Catch per .trip . .... . ... ..... . .. 2.07 3.08 3.60 
Totals 
104 
115 .17 
0.93 
4.7- 15 . 1 
9.70 
37 
2.81 
In many localities, fishermen believe that bass will strike better 
in early morning or late afternoon than at other times. Records were 
kept of the catches at various times of the day, and no relationship 
between time of day and success of angling could be detected. Bass 
were taken at any hour from 5 A.M. to 8 P.M. The highest catches per 
hour were in midday, but the differences were probably not enough 
to be significant. No correlation could be detected between success 
of fishing and air and water temperatures, nebulosity, or velocity and 
direction of wind. 
DISCUSSION 
All but one of the 104 smallmouth collected from seven small Iowa 
streams in 1947 were four years of age or younger. The one exception 
was a fish of age class VII taken in Prairie Creek. Observations of bass 
in these streams also indicated an extreme scarcity of large fish which 
would presumably be older than age class IV. This scarcity of older 
TABLE 9 
FISHING INTENSITY AND CATCH BY STREAMS OF lowA SMALLMOUTH BLACK BASS, 1947 
Percentage 
Catch Total Length of Catch 
Stream No. of Fish Per Hour Average Over 10 In. 
-
Lamont Creek . ... . . ..... 8 0.31 11. 5* 75 
Prairie Creek . . . .... ... .. 11 1.04 10 .6 45 
Coffin Creek . ... . ........ 67 1.07 9 .4 42 
Lime Creek ... ...... · .. .. 11 1.20 9.3 27 
Maquoketa River .. . . .... 5 0 . 91 9.5 60 
* Six of the smallmouth from Lamont Creek were over twelve inches total length. 
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fish was apparent in all of the small streams investigated. It has been 
remarked by fishermen that the fish in these streams never seem to 
"grow up," and the majority of the fish taken are just above or just 
below the legal size limit of ten inches. Since fishermen are not inter-
ested in the number of fish present but in the size and the number of 
:fish caught, fishing pressure is not excessive in these streams. Fifty-seven 
:fish were removed from a 2.5-mile section of Coffin Creek by the 
author in 1947. Counts of adult smallmouth, made throughout the 
fishing season of 194 7 along this section of Coffin Creek, ranged from 
fifty-nine t'o one hundred adult bass. The last count made on the 17th 
and 18th of September was seventy-five adult smallmouth. The catch-
per-hour actually increased as the season progressed (Table 8) for all 
streams combined, and the average total length of th~se fish did not 
decrease. This would indicate that fishing pressur~ is not responsible 
for the absence of older fish; and it seems incredible that the drastic 
reduction of fish over four years of age is due to natural mortality, since 
the life span of the smallmouth usually extends well beyond five years. 
It is probable that there is a downstream movement as the small-
mouth grow, and that the older fish move into the larger streams. 
These small streams offer excellent spawning conditions 'today, as 
they always have, but there is a definite shortage of suitable pool 
habitat and shelter for larger fish. During the summer of 1947 many 
pools in Coffin Creek were completely filled by sand, and, as water 
levels fell , many shallow pools were not suitable for larger smallmouth. 
~';t:~is ,i;-eduction in pool area caused a concentration of the bass in the 
few existing pools, and on two occasions seven bass were taken from 
one small pool. 
Coffin Creek and Lamont Creek are both tributaries of the Maquo-
·keta River and enter it a few miles apart. The smallmouth from Lamont 
Creek showed more rapid growth (Table 2) and greater average size 
(Table 8). Possible competitive species present in this stream were 
rainbow trout (Salmo gairdnerii), brown trout (Salmo trutta), and a 
dense population of very large creek chubs (Semotilus atromaculatus). 
All three species were taken while angling for smallmouth and the 
stomachs of several large chubs contained both fish and crayfish. White 
crappie (Pomoxis annularus), rock bass (Ambloplites rupestris), and 
bluegill (Lepomis macrochirus) were present in both streams. The 
water temperature range was slightly greater in Coffin Creek (73° to 
79°1F.) than in Lamont Creek (70° to 73°F.) during the hottest part of 
the summer, August 10 to September 15. Field chemical analyses gave 
almost identical results. The only apparent difference in the two 
streams was the population density of the smallmouth and other species. 
Lamont Creek had a low density compared to that of Coffin Creek. The 
bass in Coffin Creek, Lime Creek, and Prairie Creek would probably 
grow faster if fewer fish were present. There is, in general, an abun-
dance of food in all these streams, with crayfish and several species 
of minnows very plentiful; but the concentration of the bass in the 
pools at low water stages increases the difficulty of obtaining this food . . 
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SUMMARY AND CONCLUSIONS 
1. The· study of the smallmouth black bass was based on a total 
of 116 specimens collected from 1941 to 1947. These fish represe~t 
collections from eight streams and three lakes in Iowa. 
2. The body-scale relationship can be represented as a linear re-
gression with a Y-intercept on the standard length .axis of 41 milli-
meters. 
3. The maximum annual increase in length occurred during the 
first year, but the annual increment in weight increased as the fish 
grew older. 
4. There was no significant difference in the growth rate of male 
and female smallmouth of age class III from Coffin Creek. 
5. The length-weight relationship of 104 stream smallmouth can 
be expressed by the empirical formula: 
Log W = - 4.8128 + 3:09353 Log L 
Where W = weight in grams and L = standard length in millimeters. 
6. The average coefficient of condition (K) for 116 Iowa small-
mouth was 2.49, which is higher than that reported from several other 
areas. 
7. There was an apparent correlation between the growth rate 
and the value of K in four streams from which eight or more spe.cimens 
were taken. 
8. Both male and female bass mature, before the end of their third 
year, at a total length of less than about nine inches. 
9. Smallmouth black bass feed chiefly on crayfish and minnows. 
10. The average catch was 0.9 fish per man-hour for a total of 
115.17 hours of fishing. The catch per man-hour increased as the season 
progressed. 
11. Forty-six per cent of the 104 smallmouth caught were over 
the legal total length of ten inches. The average size of the smallmouth 
taken during July, August, and September was nearly constant. 
12. Smallmouth may be taken at any hour of the day with a com-
bination of the proper lure and method of fishing. 
13. Over 99 per cent of the smallmouth taken in the small streams 
by angling were four years of age or younger. 
14. There may be a downstream drift of older and larger small-
mouth in the small streams, which could explain the absence of older 
fish in these streams, 
15. There is a shortage of suitable habitat for large smallmouth 
in the small streams investigated. 
16. A decrease in the population density of smallmouth in the small 
streams would probably increase the growth rate of the remaining fish. 
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Red Haw and East Lake are two eighty-acre, artificial impound-
ments located near Chariton, Iowa. They are situated in the same valley 
_ in such a manner that overflow water from Red Haw goes directly into 
East Lake. A ·fisheries investigation was conducted on these waters 
from March 26 to September 22, 1948. In the course of this work, 
striking differences in the presence and abundance of higher aquatic 
plants were noted. The present paper presents a description of the 
lakes and a discussion of the plant life in each. 
DESCRIPTION OF RED HAW LAKE 
Red Haw Lake (R-2W, T-2N, Sec. 28, 33, and 34) is a part of Red 
Haw Hill State Park and is used entirely for recreational purposes. 
It was constructed in 1935 and stocked with fish in 1936. The watershed 
is well protected from soil erosion and the shore line is quite irregular. 
The maximum w·ater depth is slightly more than thirty feet. Approxi-
mately 90 per cent of the lake is deeper than seven and one-half feet, 
which is the maximum depth limit of the higher aquatic plants in the 
lake. Red Haw gets its water supply entirely from surface runoff . 
. During periods of prolonged heavy rainfall and usually in the spring, 
there is a small overflow. After April, 1948, no overflow took place dur-
ing the period of field investigations. 
Temperature and oxygen records show that in mid- and late summer 
the lake has a well-established thermocline. From the end of March 
through the middle of April, the temperature at twenty-five to thirty-one 
feet was the same as the surface temperature. On March 29 the surface 
temperature was 48.8°F. and at thirty feet it was 45.0°F. On April 14 
1 Project 42 of the Iowa Cooperative Fisheries Research Unit, sponsored by 
the Industrial Science Research Institute of Iowa State College and the Iowa State 
Conservation Commission, with the cooperation of the United States Fish and 
Wildlife Service. 
This paper is a part of a thesis submitted to the graduate faculty of Iowa 
State College in partial fulfillment of the degree of Doctor of Philosophy, under 
the direction of Dr. Kenneth D . Carlander. The writer wishes to express his appre-
ciation to Dr. J. M. Aikman and Dr. H. M. Harris for their suggestions, and to 
Dr. Ada Hayden for aid in the identification of the plants. The writer is also 
indebted to his wife, Sue D. Lewis, and to Tom English for aid in the field work. 
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the surface temperature was 52.0°F. and at twenty-eight feet it was 
51.0°F. By May 4 thermal stratification had become established. At this 
time the surface temperature was 64.5°F. whereas the reading at twenty-
five feet was 57.5°F. After May 4 the surface temperature continued to 
increase to a maximum of 86°F. on July 13. The bottom temperature 
became stabilized at 59°F . By late October stratification had disap-
peared, and the water was again the same temperature at the surface 
and bottom. 
During July and August the epilimnion extended down to about 
eight feet. The lower limit of the thermocli.Ile was at or very near 
TABLE 1 
CONCENTRAT IONS OF DISSOL V E D OXYGEN AND CARBON D10xmE IN RED HAW LAKE, 
CHARITON, lowA, 1948 
Dale D epth Oxygen * Carbon Dioxide t 
(feet) (p.p.m.) ( p.p.m . ) 
3- 29. 18 12 .8 4.5 
3- 30 . . .. . . . . . . . . . . . . . .... . ..... 28 11 . 6 3 .0 
4-12 .. . . . . . . . . . . . . . . . . . ...... Su rface 7. 9 2.8 
26 9 .7 2.0 
9- 4 ... . . ' ....... Surface 9 .3 0 .0 
31 0.0 22 2 
9- 7 " .. Surface 8 .3 0 .0 
27 0 .0 11 . 0 
·' 10- 23 ............. Surface 7 .6 12 .2 
30 7 .3 18 .5 
* O xygen determinations by Winkler technique. 
t Carbon dioxide determinations by titration with sodium hydroxide to phenolphthalein 
end-point. 
the bottom. Without doubt, the high banks and the irregular shape 
of the lake with the accompanying reduction of wind action accounted 
for the shallow epilimnion. 
In the spring there was ample oxygen in the deeper water to support 
fish life (Table 1). In August, however, oxygen was absent at twenty-
five to thirty feet. Also at this time the free carbon dioxide had reached 
a concentration above ten p.p.m. By October 23, when thermal strati-
fication had disappeared, the oxygen concentration became the same at 
both top and bottom, but the free carbon dioxide content remained high. 
The pH of the water averaged around 7.6 in the spring, but in late 
swnmer it became slightly less alkaline in the deep water and slightly 
more alkaline at the surface. 
Transparency of the lake was determined by recording the depth at 
which a Secchi disc was lost from sight (Table 2). In the early spring, 
transparency was low, but in May the water was clear. In the summer 
the turbidity again became more pronounced and thereafter showed 
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only minor fluctuations until October. The turbidity in spring was due 
primarily to silt which was whipped up by wave action along the banks. 
During this period the shallow water areas were extremely muddy; but 
later in the season strong winds became less prevalent, and submerged 
and floating plants buffered the wave action. Throughout the remainder 
of the summer the important changes in turbidity were due to phyto-
T ABLE 2 
SECCHI Drnc READINGS IN R ED HAW LAKE, CHARITON, IowA, 1948 
Date I Secchi Date Secchi Date Se cc hi 
- ·------- -
(cm. ) (cm .) (cm. ) 
3- 26 .. 50 .0 4-29 .... . .... 125 . 5 5- 19 ...... . . 173 .0 
3- 29 .. 52 . 5 5- 4 .... 213 . 0 5- 23 ... 185 .0 
3- 30 .. 60 . 5 5- 5 . 213 .0 5- 27 .. 204 .0 
4-7 .... : . 84 .0 5- 6 .......... 143 .5 5- 31 . 185 .0 
4-8 ... 88 .0 5- 7 ... 167 .0 6- 4 .... 151 . 5 
4-9 .. 81. 5 5- 8 .. 180 .0 7- 13 . 180 .0 
4- 12 ... 91. 3 5- 11 .. 209 .0 8- 21 . 80. 5 
4- 14 .. 90 .5 5- 15 ......... 141 .0 10- 23 . 240 .0 
plankton. The clear water in October was the result of the disappearance 
of phytoplankton. 
VEGETATION OF RED HAW 
During spring and early summer, very few higher aquatic plants 
were evident. However, by mid- and late summer a distinct band of 
them had formed around practically the entire lake. The composition 
of this vegetation was quite constant, but the width of it varied according 
to the extent of shallow water. Four species made up the band, and for 
the most part each species was most abundant within a specific depth 
zone of water. Starting at the water's edge and extending out to a depth 
of eighteen inches, Potamogeton nodosus Poiret (P. americanus C. & S.) 
formed a dense mat of floating leaves. 
Najas guadalupensis (Spreng.) Morong. formed the second zone. 
It occurred in a thin stand among P . nodosus of the first zone, and in a 
dense stand from the depth limit of this plant out to the three-foot depth. 
Although the upper part of N. guadalupensis reached the surface, it was 
mostly submerged and formed a dense mass below the surface . . 
Anacharis occidentalis (Pursh) Victorin was found at the depth 
limit of N . guadalupensis out to a depth of five feet. A. occidentalis was 
similar in growth habit to N . guadalupensis but quite often was totally 
submerged and thus left a zone of open water near the surface between 
the three- and five-foot contours. 
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Commencing at the five-foot depth and extending out to a depth 
of seven and one-half feet, Potamogeton pusillus L. var. tenuissimus 
occurred in ahnost pure stand. This plant formed the last zone of the 
band of vegetation surrounding the lake. It grew largely submerged, 
but the fruiting branches and a few of the leaves reached the surface. 
The growth was more open and weaker than that of the two submerged 
species mentioned above. 
The fingerlings, and in some cases the yearlings, of all the species 
of fish present in the lakes were to be found ahnost exclusively in the 
shelter afforded by the zones of vegetation. Seining operations indicated 
the third and, in some cases, the fourth zones to be most frequently used 
by the smaller fishes. At the edge of the outer zone, fly fishing for 
largemouth black bass was exceptionally good. 
Aside from the dominant species of plants, there were others which 
occurred in scattered beds and in some cases exerted local control. The 
principal species concerned were Heteranthera reniformis R. & R., 
Jussiaea diffusa Forsk. , Alisma plantago-aquatica L., and Pontederia 
cordata L. The following species were present but quite scarce: Am-
mannia coccinea Roth. , Ceratophyllum demersum L ., and Sagittaria spp. 
The latter were too immature for identification. 
In July, August, and September, Red Haw Lake had an ahnost 
continuous bloom of blue-green algae which reached such densities as 
to give the water in quiet coves a syrupy consistency. Associated with 
this condition there was a dense algal scum covering the water surface 
in the more sheltered areas. 
DESCRIPTION OF EAST LAKE 
East Lake (R-21W, T-72N, Sec. 27) was constructed in 1915. It 
serves as the city water supply for the town of Chariton. The surface 
area varies somewhat with water levels but averages about eighty acres. 
Approximately half of the watershed close to the lake is protected 
from erosion by forested areas or heavy brush, and most of the other 
half is covered with grasses and weeds. 
East Lake gets its water supply primarily from surface runoff, but 
any overflow that takes place at the Red Haw spillway goes directly into 
East Lake. During 1948 and reportedly in other years, there was some 
water loss over the East Lake spillway in the spring. As the summer 
advanced, the water level dropped well below the spillway level. 
The lake is long and rather narrow. Except for a long arm stretch-
ing to the east, irregularities of the shore line are few and wind action 
is pronounced. 
Maximum depth in the spring was twenty-five feet, but by the end 
of summer it was only nineteen feet. The six-foot drop was the result 
of evaporation and of draw-off by the city water works. The extent of 
shallow water varies with the water level, but at least in the spring, 
when the water covers broad silf beds, East Lake is characterized by 
more shallow water than is Red Haw. 
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There was some thermal stratification in the lake during the sum-
mer, but it was not so pronounced as in Red Haw Hill Lake. Throughout 
most of April the water was the same temperature at all levels. Later in 
April the surface temperature was higher than that at nineteen to 
twenty-five feet of depth. On July 6 the surface temperature was 88°F. 
and that at nineteen feet was 67°F. On October 23 the temperature 
was again the same at all levels. 
On April 5 the oxygen concentration was the same at all depths, but 
in September the concentration at the bottom was below that at the 
4-5 .. 
9- 7 .. 
TABLE 3 
CONCENTRATIONS OF DISSOLVED OxvGEN AND CARBON DIOXIDE IN EAST LAKE, 
CHARITON, I owA, 1948 
Date Depth Oxygen Carbon Dioxide 
----·----
(feet) ( p.p.m.) ( p.p.m. ) 
. . . .. . . . . . . . . .. .. . . . . . . Surface 12 .0 2.6 
16 12 .0 1.9 
. . . .. . . . . . . . . . . . . . . . . . . . . . Surface 7.7 1.0 
19 1 .9 22 .5 
10- 23 .. .... .. ......... .. . . .. . Surface 11.0 0 .0 
19 .5 9.8 2.5 
surface and also below the five p .p.m. considered desirable for fish. 
The pH in the spring was 7.6 at the surface and at sixteen feet. 
Later in the season, the lower water became slightly less alkaline and 
the surface water slightly more alkaline. 
East Lake showed a high spring turbidity due to wave action along 
the shore line. After the strong winds of March and April were over, 
the transparency of the water increased, but on two or three occasions 
the transparency again decreased as a result of an unexplained black 
coloration of the water. 
To control phytoplankton, East Lake was treated periodically with 
copper sulfate by the personnel of the city water supply department. 
The frequency and amount of applications varied with the need. Usually 
500 to 800 pounds were used at each application. It was di~tributed by 
being placed in burlap bags and towed around the lake and, at times, 
across the center of the lake. With the exception of a growth of 
Spirogyra sp. in early spring before copper sulfate had been used, the 
water never showed a green coloration nor was there any other indica-
tion of algal growth. 
VEGETATION OF EAST LAKE 
East Lake had a band of vegetation extending around the shore 
line. The width of this band varied with the water depth. 
The first shoreward zone of vegetation was composed of a mixture 
of Sagittaria spp., Ammannia coccinea, and Potamogeton nodosus. This 
zone was from the water's edge to a depth of eight inches. 
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Potamogeton nodos11s formed the second zone. This plant was also 
found in the first zone but grew beyond the depth limit of the first zone 
out to the four-foot depth. The second zone formed a wide margin 
around the lake. P. nodosus has broad leaves which fl.oat on the sur-
face. This zone was thus covered by a mat of floating leaves beneath 
which the water was quite open. This open yet sheltered water was a 
favorite haunt of adult largemouth black bass, warmouth, yellow perch, 
and bluegill. 
Potamogeton pectinatus L. was found in large beds. Where present 
it formed a third zone which started at a depth of three and a half to 
four feet and extended out to six feet. The growth form of this plant 
makes it quite important from a fisheries standpoint. The plant is largely 
TABLE 4 
SECCHI Disc R E ADINGS IN E AST L AKE, CH ARITON, I owA, 1948 
~-e----1- Secchi 
--- --
4-2 . ... . 
4- 5 ..... . .. .. . ... ... . ... . . . 
4-6 .... . ...... . ...... . .. . . . 
4-16 ... .. .... ........ : .... . 
4-19 . . . ................... . 
4-30 ...................... . 
(cm. ) 
50 .9 
50 .0 
59 .0 
68 . 5 
60 .0 
84.5 
Date 
- .---· 
5- 3." .. . 
6- 21 .. .. . .. .... .. . . .... . 
7- 3 .................... . 
7- 6 ....... . . . . . . . ...... . 
8- 19 .... ....... . .. . ... . . 
10- 13 .. . . . .............. . 
Secchi 
(cm. ) 
72. 0 
96 .0 
200 .0 
224. 0 
128 .5 
121. 5 
submerged and forms dense clusters between which there are openings, 
easily penetrable by larger fish. Seine hauls through beds of this plant 
would often produce bass fingerlings when they were hard to obtain in 
other habitats. Fly fishing over these beds for the larger bass was also 
quite profitable. 
In addition to the above species, Eleocharis obtusa (Willd.) Schultes 
and Typha latifolia L . occurred in 'one or two limited areas. 
In passing, it is interesting to note that, during mid- and late sum-
mer, stomach analyses show~d the bluegill to be feeding on the narrow-
leaved pond weeds. To some extent the channel catfish also fed on 
these plants. 
As in Red Haw, it was not until midsummer and later that the 
plant zones were clearly established. After once becoming established 
there was little change except for a slight increase in the growth of 
Sagittaria spp. 
SUMMARY AND COMPARISON O;F RED HAW HILL LAKE AND EAST LAKE 
A comparison of Red Haw and East Lake is of particular interest 
from the standpoint of the ecology of plants and animals, since the two 
lakes lie in the same valley and are similar in size, depth, and origin. 
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Furthermore, during spring rains, Red Haw overflows directly into 
East Lake. On the other hand, the lakes differ in several definite ways. 
The general and limnological differences are as follows: 
EAST LAKE 
Constructed 1915 
Treated periodically during sum-
mer with copper sulfate 
Used for city water supply 
Lake bottom gently sloping 
Clay content of soil relatively 
high 
. Much of shore line open 
Wave action pronounced 
RED HAW 
Constructed 1935 
Not treated 
Water loss principally through 
evaporation 
Lake bottom relatively steep at 
most points 
Soil high in organic matter 
Most of shore line shaded 
Wave action less pronounced 
The major differences in plant growth were: 
1. Potamogeton pectinatus, one of the most abundant species m 
East Lake, was not found in Red Haw. 
2. Anacharis occidentalis and Potamogeton pusillus var. tenuissimus, 
two of the most abundant species in Red Haw, were not found in East 
Lake. 
3. Najas guadalupensis, very abundant in Red Haw, was scarce and 
appeared stunted in East Lake. 
4. There were one or two large beds of Pontederia cordata, Heter-
anthera reniformis, and Jussiaea difjusa in Red Haw, but none of these 
species was found in East Lake. 
5. Sagittaria spp. and Amrnannia coccinea were common in East 
Lake, yet rare in Red Haw. 
6. Phytoplankton blooms were almost continuous in Red Haw, but 
there was no evidence of heavy algal growth in East Lake. 
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Dermestes maculatus De Geer2 (Coleoptera, Dermestidae) has 
been the subject of numerous entomological reports because of its 
ravages of products of animal and plant origin. Injury attributed to 
D. maculatus includes extensive feeding by the larvae, and the tunnel-
ing activity of the last instar larvae into any available substance in 
an attempt to find protection during the pupal stage. The adults cause 
only slight feeding damage although they consume the same materials 
as the larvae. Nevertheless, their presence in stored foodstuffs may 
make large quantities of materials unfit for commercial use. 
The insect was first described by De Geer in 177 4 and has since 
been recorded from many parts of the world. It is especially attracted 
to hides and skins, and has thus built up large populations in semi-
tropical regions where hides are collected for shipment to other coun-
tries, and where environmental conditions are ideal for propagation. 
D. maculatus, consequently, has acquired the common name of "hide 
beetle" or "leather beetle." The larvae attack skins from the flesh side 
and, in · cases of heavy infestation, perforate the skins to such an 
extent as to render them valueless. Distant ( 4) reported that a ship-
ment of hides from China to England had been damaged 15 to 20 
per cent of its value. 
Lintner (10) recorded that this dermestid so ravaged the furs of 
the Hudson's Bay Company in its storehouse in London at one time 
that a reward of 20,000 pounds was offered for an effect~ve means of 
control. Jones (7) reported the occurrence of this species on goat 
skins from Russia, South Africa, Turkey, Arabia, and South America. 
Even though some of the skins were heavily salted or poison cured, 
they were not exempt from attack. 
Riley (11) cited two instances in which this insect was involved 
in damage to manufactured boots and shoes. 
'Journal Paper No. J1665 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 1102. 
2 This insect is also known as Dermestes vulpinus. However, as pointed out 
by Barber (Bull. Brooklyn Ent. Soc. 37:174, 1942), the name maculatus has clear 
priority. 
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Injury to dried fish was recorded by Illingworth (6) in Hawaii, 
and by Kimura and Takakura (8) in Japan. 
The burrowing of last instar larvae in seeking concealment for 
pupation has resulted in several instances of peculiar damage. Bower-
bank ~1) reported the case of a ship, transporting bones, horns, and 
hoofs from Brazil to England, in which the larvae migrated from this 
cargo and honeycombed the ship's mast to such an extent as to endanger 
its safety. According to Stephens (14), infestations were so heavy at 
times on ships carrying skins and bones that wooden vessels were 
rendered unseaworthy by larval tunneling. Robinson (12) recorded 
that in the hoof-drying room and bone-fertilizer storerooms of a St. 
Paul packing plant, areas of the woodwork as large as a foot square 
and one to two inches deep were honeycombed. 
Bowerbank (1) also exhibited samples of cork from a twelve 
ton cargo which had been heavily damaged by different stages of the 
insect, and in this case, also, the vessel was carrying bones in its 
cargo. Snyder (13) reported that larvae of the "hide beetle" have 
bored into lead wired telephone fuses, and thereby interrupted service 
and necessitated replacement of damaged parts. 
MATERlALS AND METHODS 
The original specimens of Dermestes maculatus used in these 
experiments were collected in the fall of 1946 at Waterloo, Iowa, where 
the various stages of the insect were infesting fish meal stored in sacks. 
The source of the infestation was not determined, but it is probable 
that the insects were preser{t when the meal was shipped from Cali-
fornia. Since mature larvae were seen migrating from the fish meal, it 
was feared that the infestation would spread to soybean meal stored 
in adjoining rooms. 
In the laboratory, the larvae were reared in gauze-covered battery 
jars filled to a depth of several inches with fish meal. The period of 
larval development was decreased when the jars were held at about 
30°C. and the fish meal moistened daily. Care was taken to prevent 
the meal from becoming so moist that molds would grow. When the 
medium began to decompose, the larvae were changed to other jars 
with a new supply of fish meal. Because the larvae of D. maculatus 
consume the naked and unprotected pupae, the latter were removed 
daily from the cultures to a petri dish. This also made it possible to 
collect adults of known age, some to be used for oviposition studies, 
and others to provide eggs for various tests. 
For the oviposition studies, a male and female were removed 
from the pupal dish on the day of emergence and transferred to a petri 
dish with a small amount of fish meal. The sexes are relatively easy to 
separate. The male has a more slender abdomen and the penultimate 
abdominal sternum has a median non-pubescent space in which is 
situated one or more minute spines. A small piece of absorbent cotton 
was placed in the dish with the beetles, and this was sprayed daily with 
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water to provide the moisture needed for optimum oviposition condi-
tions. The fish meal and cotton were examined daily for eggs. If the 
fish meal just covered the bottom of the petri dish, most of the eggs 
would be deposited in the cotton and could be easily collected by pulling 
the cotton strands apart. Eggs deposited in the meal were removed by 
use of a moistened brush. In case the male died prior to the comple-
tion of the female oviposition period, or if the first male was suspected 
of being imperfect, a new male was added. In order to determine if 
repeated matings were necessary to produce the normal oviposition, a 
male and female were confined to a petri dish for a period of ten days, 
after which the male was removed. Daily oviposition was noted and, 
after the female failed to oviposit for a period of at least sixteen days, 
a new male was added. 
In order to obtain a sufficient number of eggs for incubation 
studies, the males and females were segregated upon emergence. When 
a large number of adults had accumulated, the sexes were confined 
to a petri dish with moist cotton and fish meal, ground to a fineness ' so 
as to pass through a U. S. No. 40 sieve, 35 meshes per inch. Within 
a few days a large number of eggs could be obtained. To collect eggs 
deposited during a four-hour period, the number of eggs was increased 
by holding the beetles in an e~pty petri dish for at least twelve hours 
prior to placing them with ground fish meal. At the end of the oviposi-
tion period, the beetles were taken out of the dish and the eggs col-
lected by sifting the fish meal through a No. 40 sieve. The eggs to be 
incubated were chosen at random from the collected eggs, which differed 
in age by not more than four hours. Incubated eggs were checked at 
four-hour intervals and the mid-point of the period recorded as the 
time of hatching. Eggs not needed in incubation studies were hatched 
in a . petri dish to maintain the colony, or were used in the tests to 
study the larval and pupal development. 
Unless otherwise specified, the above studies were conducted at 
32°C. and 70 per cent relative humidity. The humidity was regulated by 
the use of different concentrations of potassium hydroxide as reported by 
Buxton (2). Eggs to be incubated at a saturated humidity were placed 
in a desiccator over distilled water to which 0.3 per cent phenol had 
been added to prevent the growth of molds. 
OVIPOSITION STUDIES 
A series of ten pairs of beetles was studied to determine the repro-
ductive potential of Dermestes maculatus. The temperature was main-
tained at 32°C., and moisture was provided daily by a wad of absorbent 
cotton sprayed with water and placed in the petri dish with each pair. 
The cotton also presented an oviposition stimulus and most of the eggs 
were placed among the fibers. Another series of ten pairs was studied 
to determine the necessity of repeated matings. 
A summary of the data on the oviposition of ten pairs of beetles 
is given in Table 1. The period from emergence to the production . of 
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fertile eggs varied from four to ten days with an average of seven days. 
In some cases infertile eggs were deposited for several days prior to 
the beginning of normal oviposition. Infertile eggs were characterized 
by fragility and irregularity of shape. One female, not included in 
Table 1 and caged with a dwarf male, produced only infertile eggs over 
a period of thirty-two days and died forty-six days after emergence. 
The smallest number of eggs laid by an individual female was 455, 
deposited over a period of fifty-six days. The largest number of eggs 
recorded was 1,274, over a period of sixty-six days. The oviposition 
period of the ten females ranged from forty-one to eighty-two days 
with an average of sixty-one days. There were two to thirty-six days, 
TABLE 1 
Ov1POSITION BY TEN F EMALES OF Derme.rtes maculatus D EG. AT 32°C. 
AND IN A H UMID ENVIRONMENT 
-
Preovipo- Ovipo- Days Postovipo-
sition sition Without Days sition 
Time in Period in Ovipo- Ovipos- Eggs Period in 
Female No. Days Days sition iting Deposited Days 
----- - ---·-·-
1 ........ ...... 4 58 10 48 794 7 
2• ..... .... . ... 4 82 36 46 483 21 
3 ............. . 7 59 2 57 704 23 
4 .... .. ..... . . . 4 41 6 35 587 29 
5 .......... . ... 4 66 6 60 1,274 10 
6t . .. . .. ....... 9 47 5 42 1,143 3 
7 .............. 4 69 8 61 932 13 
8 ......... ..... 9 50 8 42 658 12 
9 ........... ... 10 81 19 62 659 9 
10 . . .. . . ..... ... 10 56 19 37 455 8 
-----·- - -----------------------
Mean .. . . .. ·I 7 61 12 49 769 
* Male dead on seventeenth day after oviposition begun; new male added. 
t Infertile eggs produced on days 4-8; new male added. 
14 
with an average of twelve days, during the oviposition period when no 
eggs were laid. The actual days of ovipositing varied from thirty-five 
to sixty-two days and averaged forty-nine days. The ten females 
oviposited a total of 7,689 eggs for an average of approximately 769 
eggs per female. The highest number of eggs produced by a female in 
twenty-four hours was 79. The postoviposition period ranged from 
three to twenty-nine days with an average of fourteen days. One of the 
daily oviposition records is given in Table 2. 
The results of removing the male after a ten-day mating period 
with the female are summarized in Table 3. The period from emergence 
to the deposition of fertile eggs varied from three to ten days with a 
mean of seven days. The eggs produced during the ten-day period 
before the male was removed ranged from 3 to 306 with an average 
of 105 for the ten females. The great difference in oviposition during this 
period was due to the variation in preoviposition time. 
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The females continued to oviposit from three to twenty-nine days 
after the males were removed. The average oviposition period was 
twenty-one days. From 64 to 426 eggs were oviposited during this time 
with an average of 287 for the ten females. Several of the females 
deposited infertile eggs near the end of this first oviposition period. 
After oviposition had ceased for a minimum of sixteen days, a newly 
emerged male was placed with each test female. In every case except 
one, the females began to oviposit again wi_thin one to four days. 
Female No. 17 failed to oviposit after caging with the second male, and 
died thirty days later. This female thus had a postoviposition period 
of forty-six days, the longest observed among the twenty females on 
TABLE Z 
DAILY Ov1Pos1T10N RECORD OF ONE FEMALE* D ermestes maculatus DEG. 32°C . 
AND IN A HUMID t ENVIRONMENT 
Date Eggs Date Eggs Date Eggs 
- ---------- -------------
May 28 ... ... . 38 June 19 . ... . .. . . 20 July11 . . . .. .. . . . 24 
May 29 . . . . .. . 41 June 20 .. . ...... 19 July 12 . ... . . .. .. 11 
May 30 . .. .... 29 June 21 ... ...... 39 July 13 . .... . . . . . 21 
May 31 . .. .... 18 June 22 . .. ...... 27 July 14 . . 19 
June 1 .. ...... 18 June 23 ... . . .... 11 July 15 . . . . .. . . . . 3 
June 2 . . . ..... 22 June 24 . . . .. . . .. 19 July 16 ...... . . . . 9 
June 3 .. . . .... 22 June 25 .. ..... . . 13 July 17 ... . .... . . 8 
June 4 ...... .. 7 June 26 ... . . . ... 18 July 18 .. .. .. . . .. 4 
June 5 . . . . ... . 13 June 27 . .. . ..... 3 July 19 . . ... .. . . . 5 
June 6 .. . .. .. . 23 June 28 .. .. . . . .. 1 July 20 . . .... . ... 16 
June 7 .. . . .. . . 20 June 29 ... . . . . .. 0 July 21 ... 5 
.June 8 .. . . .... 0 June 30 .... ...•. 15 July 22 ... . .. . . . . 5 
June 9 . . . . .... 18 July 1. . . .. . . . . . 15 July 23 . . ... .. .. . 4 
June 10 ....... 0 July 2 .. . ... ... . 0 July 24 . .. . ...... 1 
June 11 .. . .. . . 23 July 3 .... .... . . 0 July 25 . . . . . . . ... 0 
June 12 ....... 23 July 4 ... . .... .. 0 July 26 ... .. . .... 0 
June 13 . . . . . . . 0 .July 5 . . . .... . . . 12 July 27 . . . .. .. . . . 0 
June 14 .... . .. 4 July 6 .... .. . .. 0 July 28 . . . . 0 
June 15 .. . . .. . 21 July 7 .... . . . . . . 0 July 29 .. ... .. . . . 0 
June 16 . ... ... 35 July 8 .... .... . . 0 July 30 .. ... . .... 0 
June 17 ... . . . . 12 July 9 . . . . .. . .. . 11 July 31 .. ........ Died 
June 18 ....... 38 July 10 .... 11 ... . .. .... . ..... . . . . . . . . . . 
• Male and female emerged and were caged May 24. 
t Moistened cotton provided daily. 
which daily oviposition records were kept. The second oviposition 
period for the nine females varied from five to twenty-eight days, with 
a mean of eighteen days. The smallest number of eggs produced during 
this time was 23 for a female ovipositing over a period of ten days. The 
highest number produced was 361 over a period of twenty-seven days. 
The nine females laid an average of approximately 168 eggs during the 
second oviposition period. The total number of eggs laid during the 
two oviposition periods ranged from 323 to 808. The average for the 
TABLE 3 
EFFECT ON Eco PRODUCTIO BY Dermtslts maculatus DEG. OF REMOVING MALE AFTER AN INITIAL TEN-DAY MATING PERIOD 
Eggs Days Eggs Days Length of Eggs 
Preovi- Deposited Ovipositing Deposited Before New 2nd Ovi- Deposited Postovi-
position Before Male After Male After Male Male position During 2nd position 
Female No. Time Removed Removed Removed Added Period Period Period 
: (days) (days ) (days ) 
11 * . . ... .......... 3 306 12 174 20 20 249 8 
12 . ... . ... .. ...... 5 40 25 260 20 10 23 5 
13 . .. . . .......... . 5 186 3 64 25 16 246 6 
14 .. ... ....... . ... 6 141 26 388 16 5 39 6 
15 ........ . .... ... 6 95 24 312 16 7 77 5 
16 . . . . .... . . ...... 9 . 32 21 328 16 26 136 12 17t . . . .. ... . .. . .. . 8 16 29 242 16 . . . . . . . . . . . . . . . . . . ...... . . . .. . . . . . . . . . 
18 . . . . . . .......... 10 3 18 246 16 28 262 14 
19 ... .. . ...... . .. . 10 21 23 426 16 27 361 6 
20 . . .. .. . ......... 5 206 26 426 25 24 115 9 
Mean . . . ... ..... 7 105 21 287 19 18 168 8 
I 
* Male emerged five days prior to female. 
t Female failed to oviposit after caging with second male ancl died thirty days later. 
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nine females was approximately 574 eggs. Female No. 17 oviposited a 
total of 258 eggs over a period of thirty-one days after being caged 
with a male for ten days. The postoviposition period ranged from five 
to fourteen days with a mean of eight days for the nine females that 
had a second oviposition period. One of the daily oviposition records 
is given in Table 4. 
LONGEVITY OF ADULTS 
For the ten females comprising the study of fecundity summarized 
in Table 1, the longevity ranged from 59 to 107 days with a mean of 
approximately 81 days. The ten females that were studied to determine 
the effect of a shortened mating period survived from 62 to 94 days 
with an average of approximately 77 days. The average longevity for 
the twenty females was 79 days. The life span of males was about the 
same. The longevity of five males ranged from 55 to 99 days with an 
average of approximately 78 days. The individuals were kept at 32°C. 
and were provided with moisture daily. 
A group of eighteen males and eighteen females emerging on the 
same day was confined with fish meal (7.5 per cent water content) as 
food, and maintained at 32°C. and 70 per cent relative humidity. The 
first deaths, one male and one female, occurred within 10 days. The 
50 per cent death point was reached between 20 and 25 days, and all 
adults were dead within 30 days after emergence. 
INCUBATION STUDIES 
A summary of the results of incubation studies is given in Table 5. 
The range of the incubation period and time required for 50 per cent 
of the viable eggs to hatch out of a test lot of 100 eggs are recorded 
for each combination of temperature and humidity. The percentage 
of hatch for each environmental condition is included. 
Since eggs incubated over water at the lower temperatures were 
attacked by molds and failed to hatch, a 0.3 per cent phenol solution 
was used in the high humidity tests. At 32°C. the incubation period was 
shortened to such an extent that the eggs were not affected by molds. 
After incubation at the highest humidity, a number of the larvae began 
to hatch but were unable to extricate themselves from the eggshell. 
This accounts for the lowered percentage of hatch of eggs incubated 
over 0.3 per cent phenol at 20°, 24°, and 28°C. 
Incubation at 20°C. 
Lots of 100 eggs were incubated at 20°C. and at five different levels 
of humidity. The shortest incubation period was 154 hours, occurring 
at both 20 and 40 per cent relative humidity. The longest time required 
for incubation was 192 hours over 0.3 per cent phenol. The range of 
incubation time for the four lowest humidities was approximately 24 
hours, but it increased to 34 hours at the highest humidity. The time 
required for 50 per cent hatch of the viable eggs at the different humidi-
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ties varied from 162 to 176 hours. The shortest time occurred at 40 
per cent humidity and the longest over 0.3 per cent phenol. The per-
centage of hatch was approximately constant for 20, 40, 60, and 80 per 
cent relative humidity. It varied from 84 to 89 per cent. The hatch of 
eggs incubated over 0.3 per cent phenol dropped to 56 per cent. 
Incubation at 24°C. 
At 24°C. the shortest incubation period was 90 hours and occurred 
at the highest humidity. One individual hatched at 60 per cent after 
116 hours. This was the longest incubation period noted for eggs main-
tained at 24°C. The range of incubation periods was from 8 to 20 hours 
with the greatest range occurring at 60 per cent humidity. The 50 per 
cent hatch point was reached after 96 hours for the lowest and highest 
humidities; 100 hours for 40 and 80 per cent humidity; and 104 hours 
for 60 per cent humidity. The percentage of hatch varied from 81 to 
89 per cent for the four lowest humidities and decreased to 58 per cent 
for eggs incubated over 0.3 per cent phenol. 
TABLE 4 
DAILY OvIPOSITI0:-1 R ECORD OF ONE FEMALE* Dermestes maculatus DEG. AT 32°C. 
WITH MALE R EMOVED AFTER A TEN-DAY PERIOD 
----
Date Eggs Date Eggs Date Eggs 
-- -------- --
Oct. 18. . . . . . 11 Nov. 13. . . . 0 Dec. 8. . . 7 
Oct. 19 . . . . . . . 21 Nov. 14 . 0 Dec. 9 ........ . 5 
Male removed Nov. 15. . .... .. 0 Dec. 10 . . . 0 
Oct. 20 . . . . . . . 43 Nov. 16. . .. . . . . 0 Dec. 11 . . 0 
Oct. 21. . . . . . 42 Nov. 17. . . . . . . 0 Dec. 12. . .. . . . . 3 
Oct. 22 . . . . . . 43 Nov. 18. . ... . ... 0 Dec. 13 . . .. 2 
Oct. 23. . . . . . 14 Nov. 19 . ....... 0 Dec. 14. . . 4 
Oct. 24 . . . . . . 39 Nov. 20. . .... . 0 Dec. 15 . . .. 4 
Oct. 25 . . . . . . . 17 Nov. 21. . ... . . 0 Dec. 16 . . ...... 3 
Oct. 26 . . . . . 28 Nov. 22. . .. . ... 0 Dec. 17. 4 
Oct. 27 . . . . . 16 Nov. 23. . ...... 0 Dec. 18. . . , .. .. 0 
Oct. 28 . . . . . . 23 Nov. 24. 0 Dec. 19. . ..... 3 
Oct. 29 . . . . . . 17 Nov. 25. . ...... 0 Dec. 20 . . .... . . 5 
Oct. 30 . . . . . 12 New male added Dec. 21 . . . . . . . . 3 
Oct. 31. . . . . 19 Nov. 26 . . . . . . . 7 Dec. 22. 0 
Nov. 1. . . . . . 12 Nov. 27. . ....... 19 Dec. 23. . ... . .. 0 
Nov. 2 . . . . . . 1 Nov. 28. . ..... 9 Dec. 24. 0 
Nov. 3. . . . . . 1 Nov. 29. . .. . . . . 12 Dec. 25. . . 0 
Nov. 4. . . . . . 0 Nov. 30 . . . . . . . . 9 Dec. 26 . 0 
Nov. 5. . . . . . 0 Dec. 1 . . .. 10 Dec. 27 . 0 
Nov. 6. . . . . . 0 Dec. 2 . . . . . . . . . 6 Dec. 28 . . . 0 
Nov. 7. . . . . . 0 Dec. 3. . . . . . . . 6 Dec. 29. . . 0 
Nov. 8. . . . . . . 0 Dec. 4. . .. . . . 7 Dec. 30 . . . .. ... 0 
Nov. 9 . . . . . . 1 Dec. 5. . .... . . 2 Dec. 31. . .... . . 0 
Nov. 10 . . . . . 0 Dec. 6 . . ... . . 0 Jan. 1. . . . . . . 0 
Nov. 11. . . . . 0 Dec. 7. . . . . . . 6 Jan . 2 . Died 
Nov. 12 . . . . . . 0 . . . . . . . . . . 
*Male and female emerged and were caged Oct. 9. 
BIONOMICS OF DERMESTES MACULATUS 371 
Incubation at 28°C. 
For 100 eggs maintained at 28°C., the shortest incubation period 
was 64 hours. This occurred in the group incubated over 0.3 per cent 
phenol. The longest period required for incubation was 76 hours at both 
20 and 80 per cent relative humidity. The spread of incubation periods 
was from 6 to 10 hours. For the five different humidities, the 50 per cent 
hatch point occurred at 66 hours. The percentage of hatch for the 
TABLE 5 
I NCUBATI ON P ER IODS AN D P E R CENTAGES OF H ATCH OF 100 EGGS O F Dermestes maculatus D EG. 
UNDE R VARYI NG CONDIT IONS OF TEMPER ATUR E AND H U MIDITY 
Percentages of R elative Humidity Over 0 .3% 
=~3 =[-403 i-----w3-[ 803 - Phenol Temperature Solution 
---------
20°c . I 
R ange {hours) . ... . . .. 154-178 154- 176 158- 186 160- 186 158- 192 
50 % ha tch {hours) . .. 164 162 172 168 176 
H a tch . . ... .... . . . . . . 893 853 893 843 563 
24°C . 
Range {hours) . . . 92- 104 96- 108 96- 116 96- 104 90- 104 
50 3 hatch (hours) . . .. 96 100 104 100 96 
Hatch . .. .. . . . . .... . . 893 823 85% 813 58% 
28°C . 
Range {hours) . .. . .... 66- 76 66- 72 66- 72 66- 76 64-72 
503 ha tch {hours) . . .. 66 66 66 66 66 
H a tch . . .. . .. . ... . . . . 813 83% 803 743 76% 
32°C . 
Range {hours) . . . ..... 48- 56 48- 56 48- 52 44-48 44-52 
50% ha tch (hours) . . .. 52 48 48 48 48 
H atch .. ... . ......... 833 89% 90 3 943 933 
three lowest humidities ranged from 80 to 83 per cent. Of eggs incu-
bated at 80 per cent relative humidity, 74 per cent hatched. The hatch 
of the eggs maintained over 0.3 per cent phenol was 76 per cent. 
Incubation at 32°C. 
At 32°C. the shortest incubation period was 44 hours, occurring 
at the two highest humidities. The longest incubation period, occurring 
at the two lowest humidities, was 56 hours. The range of incubation 
time was from 4 to 8 hours. The 50 per cent hatch point, at 20 per cent 
relative humidity, was reached after 53 hours. In the case of the other 
four humidities, the time required for 50 per cent hatch was 48 hours. 
The percentage of hatch increased from 83 per cent at 20 per cent 
humidity to 94 per cent at 80 per cent humidity. The hatch of eggs incu-
bated over 0.3 per cent phenol was 93 per cent. 
COMPARISON WITH PREVIOUSLY PUBLISHED RECORDS 
The results presented in this p,aper are not in close agreement, in 
many cases, with previous reports. This must be attributed, in large 
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measure, to the differences in environmental conditions under which 
the investigations were conducted. Many of the earlier references con-
cerning Dermestes maculatus do not state the conditions of nutrition, 
moisture, and temperature. 
Illingworth (6) reported a preoviposition period of ten to eleven 
days for this species under the tropical conditions of Hawaii. Kreyen-
berg (9) determined a preoviposition period of almost a month, when 
the beetles were kept at a room temperature of 22°C. and given sufficient 
food. Riley (11), in 1885, isolated two pairs of beetles; before death, 17 
eggs were oviposited in one case, and 23 in the other. He pointed 
out that this small number was not to be considered as the egg 
laying potential of D. maculatus. Kimura and Takakura (8) reported 
that the females oviposited 3-20 eggs at intervals of one to five days, and 
died after five or more ovipositions. According to Dick (3), beetles 
allowed to drink every fourth day from moist cotton-wool oviposited 
an average of 567 eggs over an average period of seventy-two days. 
Illingworth (6) reported that the adults of D. maculatus in his 
culture were actively reproducing three months after emergence. 
According to Grady (5), the life span of the adults was four or five 
months with a reproduction period of at least two months. A period 
of two or three months was given by Walker (15) as the natural 
longevity of the adults. 
Illingworth (6) reported an incubation period of three days for 
the eggs in Hawaii. In Japan, Kimura and Takakura (8) found that 
the eggs hatched in three to twelve days, depending on the prevailing 
temperature. Grady (5), conducting studies of this insect at 23°C. and 
40 per cent humidity, noted an incubation period of three or four days. 
SUMMARY AND CONCLUSIONS 
1. Methods for rearing Dermestes maculatus in the laboratory are 
presented. 
2. Oviposition studies were conducted with ten pairs of adults, the 
sexes being caged together throughout life. Another series of ten pairs 
was studied to determine the effect of removing the male after an initial 
ten-day mating period. The temperature was held at 32°C., and water 
was provided daily along with the oviposition stimulus of absorbent 
cotton. 
3. Approximately seven days elapse between the time of emergence 
of the female and production of fertile eggs. Females ordinarily lay in 
excess of 700 eggs during a period of about two months, and usually 
live for about two weeks after cessation of oviposition. Repeated matings 
increase the length of the oviposition period and the number of eggs laid. 
4. Males and females kept at 32°C. and provided with water daily 
live two to three months, with a few having a life period in excess of 
three months. With decreased moisture, adult longevity decreases. 
5. The effect of temperature and humidity on the incubation of eggs 
of D. maculatus was studied by incubating samples of 100 eggs at each 
of four different temperatures and five different humidities. The tern-
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peratures employed were 20°, 24°, 28°, and 32°C. The humidities were 
20, 40, 60, and 80 per cent; and one batch of eggs was incubated over 
0.3 per cent phenol. 
6. The approximate incubation periods are as follows: seven days 
at 20°C.; four days at 24°C.; three days at 28°C.; and two days at 32°C. 
Humidity does not appreciably affect the incubation period. Tempera-
ture does not cause any appreciable change in the percentage of hatch, 
except in those eggs incubated over 0.3 per cent phenol. At 28°C. and 
lower, the percentage hatch is decreased when the humidity approaches 
saturation. 
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I. Introduction 
Consider e cylindrical beam ot finite length end uniform cross-section, 
the leterel surface ot which is tree troa trections. Let one end be fixed 
end tbe other support e loed w ·at right angles tQ the gene r a tors ot the bee~. 
Io addition to the oimple be~ding effect of the l~ed, th~ beem in general 
is subject to e twist, wr.ich can be cueesured about any axis perelle l to 
the ger1eretors of t he beem and v1hich vanishes about one such axis , The 
point of loading for which tbe t \v!.s t is zero Ebct.:.t the exl. s t h-rouP,h the 
centroids of the cross-s~ctions is termed the center ot flexure. Since 
the prollem ot loceting the center of flexure is essentially tv10-d!.:ien-
sional, we shall characterize the beA.l by the shape of a typicp.l cros~ ­
section end cake no further reference to its extent in the longi tudinel 
direction. 
\:hen the section is triangular, the determination cf the center of 
flexure under the most general conditions is very difficult. On speciel-
izing tt.e geometry or the elastic properties of the beel:l, however, three 
cases become illlz:J.edlately, tractable. One, that of the f. Cneral isoscele s 
triangle in any uniform beam, hes been discussed in a forthcoaing pe per . 
The other two, which are treated here, ere the case of the right trienP,le 
with the load epplied par6llel to the hypotenuse and t het of the general 
incompressible triangle. 
Let the plane of the section be the xy-plene end let tte loe d W be 
resolved into components Vix end w
1 
parallel to the coordinate exes . Since 
the boundary is. to be free from external forces, the stress components 
1:" Y:z end 'zx must satisfy the e qua tion 
(1) r zxcos (x,n) + r cos (y,n) • o, yz 
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where n is the cli rection nor iael to the boundary . These st r ee-.s components 
consist of t wo pe rt s correspondir.g respectively t o the twistine end bend-
ing effects mentioned above. ~hen the load is epplied et the center of 
flexure, the t wis t et t~e centroid i~ zero; hence to find the cent er of 
flexure (x., y 0 ) we innert t he values or t.he flexural perts of these com-
ponents &t the centroid in the equation 
(2) 
whic h expresse~ the fact tte t t he torsional couple due to the stre oses is 
equal to the moment of the load. If the direction of t~e load is arbitre:ry, 
(2) is sufficient to deteroine x 0 enc y 0 uniquely. In these ceses we use 
1 
the flexure !unctions calcul~ted by Seth. 
/ 
-x 
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II. Any Right Triangle with Load Pa rallel to the P.ypotenuse 
x 
Let the section be a ri ght triangle (Fla. 1) wi t h vertices at (O, O) , 
(O,c), (-c/m,O), end let the load W with components Wx + W~xy1Ix and 
WY+ WxFxy/Iy parallel to the exes of x end y respectively be applied from 
a point ( Xo, y 0 ). The mooents and product" o! inertia ere referred to 
axes through the centroid G. The flexural terms in the s tress components 
ere in this cas e 
'zx • ~ - A1[tr (x-xJ 2 + (1-to-) (y-y)") - A2 (2+r) (x-xJ (,y-y), 
fyz EH - A1 (2+r)(x-x)(y-y) - A1 [;.o-(y-y) 8 + (1-lrJ(x-i) 2), 
"I'J'i':"R. Seth, !'.!:££• London Meth. §2£., Ser. 2, 41: 325-31. 1936. 
FLEXURE OF BEAMS 377 
where X is tt.e flexure function, x • -c/3m and y • c/3 ere the coordinates 
is Poisson's ratio, f.A. 
is the ri gidity, and E is Young's modulus. When the loed acts parallel to 
the hypotenuse, Seth hes shown that the flexure function satisfying the 
boundary condition (11 is given by 
+ A1 fx[f.rx2 + (1-tr1y8J + (2+<rlxyy - 2yxy - ~rx(x8 - y 8 1 
- t( l - j. er I ( X 3 - 3Xy 2 iJ + Aa [ y [ ( 1-j; r I x8 + j. r t] 
+ (2+cr )xyx - 2ny + j..-y(x8 - /1 + f(l-l' )(3x2 y - y 3 1J, 
where ¢ is the torsion function. 
Equa tion (21 for determining the center of flexure is now 
... "" e "' s in which we heve used Ix • c /36m , P • c /72m , Iy • c /36m • For the . 
xy 
integrand in the ri t;ht aeo.ber we h~ ve after so:ae reduction 
xt'yz - Y "tzx ~ <r( A1Y- Aax)(/ + /1 + (l-2r)(AxX2 Y -A2 xy8 1 
+ [2(1+rl(A1x + A8 yl + 2A2 c)xy· + <r(A1Y - A2 xl(x»- y~I. 
On introducing the torsional rigidity D, def i ned by the equation 
(41 
the right filCmber of (31 bocomes 
r( A1Y - A2 xlD/f"' + f.[ {(1-zr ){A1 x2 y - A2 XY 8 } + [ 2 (1+cr )(A1x + A2 YI 
+ 2A8 c] xyJdxdy. 
Af ter carrying out the integretion we have 
Since tt1e direction of the load is perellel to the hypotenuse, WY • m1//x' 
end this equation becomes 
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2 
4crDm(m +l) 
lllXo-yo• fC3(l+a") 
c(3+4 rr) 
5(1+ IT) 
We cannot determine Xo end y 0 seperetely, for fixing the direction or 
the load in this asymmetrical section uses up one of. the two independent 
conditions necessary for their determination. When m = 1, this result 
reduces to that obtained previously tor the isosceles trlangle. 
To complete the solution, we find AS a first approximation to D by 
the ~ayleigh-Ritz method 
.. 
f<O· 
D • 20m(m2 tl) 
This gives AS a final approximate result 
mx
0 
- Yo• - 3c/5, 
which is independent or rr • This equation is that of the broken line in 
Figure 1. 
III. AJ:;y Triangle end Any Direction of Load with r • j. 
Let the equations ot the sides of the triangle be y • d, y • m1x, 
y • m2 x (Fig. 2) • . For the load Vi resolved as in section II, the flexural 
terms in the stress componen"s are 
Tzx • A 1 [~ - ·~"'(x-x) 8 - (1-~cr)(y-y) 2J + Aa[~ - (2+r)(x-x)(y-y)J, 
t"yz A1[%f- - (2+ir)(x-i')(y-y)] + Aa[~;• ·- j-r('y-y) 8 - (1-fr)(x-i') 2), 
and to satisfy (1), 
'X1 - at:::·) ( 1-~ er )(x. - y.) + (tdD1~:::1 - 2y)xy + x[iir x2 + ( 1-t IT' it] 
+(2+ir)xyy - 2yxy - -}(l-r1rr)(x 3 - 3xy11 ) +[cry- fdm1ma- 1J~. 
m1ma 
1a • f.(cr y-d)(x2 - y8 ) + [(1-t.cr JX- + ;cry"Jy + (2+cr )xyx - 2i'xy 
In these equations all·symbols have the same significance as in section II 
except tbet x • d(m1+m8 )/3m1m8 , y • 2d/3. ~~oceeding es before, we rind 
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Making use or (4) we obtain the equation 
• x (Vlx?xy + YIY) - Y (W + l'lyPxY) • 
o I y • x Ix 
On usinc the values of Ix, Iy, Pxy end equating the coefficients of Wx 
end Wy , we obtain for the coordinates of the center of flexure 
a 2 • 2 
~ 
d(m 1 +m8 ) 4(m 1+m2 ) (2m1 - 5m1 m2 + 2m2 -:nimel D x. f'd 3. 
(5) 3m1m2 
3(m2 -m1 ) 3 
a e 2 2 
. 
2d 4m,m1 (m, - 4m•ma + m1 - 2m , m&) D Yo 3 3(m2-m1) ~ µct• 
If we set m1 • - m2 m, we obtain for the isosceles trlengle 
2 
2d _ m(3-m )D 
Yo•3 3,u.d 3 ' 
wr.ich is in agreement with the result for ir = i- obta ined in the forth-
coming paper, end which contains es e special case the well known re sul t 
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tha t the center o:r flexure coincides with t he centroid in the equiletersl 
tri angle. 
The solution may be completed by using Seint-Venant•s approximation 
for D, which in this case is 
~ 3 
D ~ 9 ,..d (m2 -m 1 ) ---..,..-
lon1m1m8(m18m2 2 +m12 -m1m9 +m2 
2
) 
The result in section II was seen to be ini!ependent of tr in the first 
approxima tion. In the cese or the general isosceles triangle t.he influ-
ence of .- upon the center of flexure hes been found to be negligible 
except when t'le vertical angle is SI.lall. Hence we may reasonably infer 
that for the general triangular section the position of the center of 
flexure v:ill vary but slightly from that given b'T (5), whatever the val ue 
of Poisson's retie. 
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Many methods exist whereby the Seint-Venent•s torsion problem mey be 
solved. Tretttz (1) and Seth (2) have made extensive use ot contormel 
transtormetions. References to many other contributions mey be round in a 
publication by Seth (3) ·end e paper by Higgins (4). .!.lore recently the 
analytic function theory method hes been developed by e group ot Russian 
mathematicians, led by l.luschelisvili (5). Many references may be tound in 
e paper by Sokolnikott (6). Prager and Synge (7) have used the function 
space method. Hay (8) has adapted the method o! images. Much work has 
been done on sections o! isotropic materials, but very little work hes 
been done with composite sections composed ot 1) two or more di f ferent 
isotropic materials or 2) pertly isotropic and partly anisotropic ma teriels. 
Muchelisvili (9) and Ruchadze (10) have solved the problem in the case o! 
reintorced concrete beams considered as composite sections. we propose 
to solve the torsion problem !or beams with cross sections of the follow-
ing types: 
A. Sections of two ditterent isotropic materials, 
B. Sections, portions o! which are orthotropic , the r emainder 
being isotropic. 
Numerical velues tor the torsional rigidities, D, ot these sections are 
compared with those !or the completely isotropic and the completely ortho-
tropic beam o! similar external section. 
COMPOSITE SECTIONS OF DIFFERENT ISOTROPIC MATERIALS 
Sections ot only two materials will be considered . The met hod or 
solution may be e&sily extended to take care of sections of t hree or More 
materials. In general !or the type of problem we are considering there 
will be an outer boundary C1 and en inner boundary C2 es shown in Figure 
l; µ 1 end 'f 1 will be the s hear modulus and the torsion function respec-
tively for that part or the section between C1 and C2 • Similarly, JJ. a 
end <p 2 will correspond to the section inside C2 , ~ 1 and '\>a being 
[ 381] 
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functions ot x and y. 
The stresses and deflections are defined as: 
Jxz • a µi(C>qii - Yl' 
bx 
1 • a,u;.(~ + x), yz "by 
u • -uyz, ., • axz, w • a <pi(x,y). 
y 
Figure l 
The following boundary conditions must be satisfied: 
(1) 
a. The boundary C1 is tree ot shear, i.e. on C1 , l'.T' xz + m Tyz • o. 
This may 
to <p1 ) 
1 a a be written es 'I' 1 • a(x + y ) , ( '!' 1 is the conjugate function 
or <P1 • O, where cf> 1 • \f' 1 - !'(x8 + y 2 ). 
b. Across C8 the deflection is continuous. This means thet along 
c., <p1 • <f'e• 
c, Across C8 t'he t1'.actions are continuous. This may be written 
µ 1 cf>1 • µ.q>. + a constant, on C8 • Since we are at liberty to adjust 
cp8 so that the constant in this expression is zero, then the expression 
tor the rigidity ot the section becomes: 
f £ CI>. dxdy. 
Aa 
(2) 
Sections ot two different types ot isotropic materials mey be divided 
into two classes. In one case Ca is a line ot sheering stress; in the 
other it is not: 
TORSION OF COMPOSITE SECTIONS 
l. Ca is a line or shearing stress 
e) Concentric circles or radii e and b, a < b, 
In this case: 
<J>1 • <p. • O, o.ver entire section, 
b) Concentric ellipses o! semi-major and semi-minor axes 
Here: 
2. C8 is not a line o! shearing stress 
a) Con!ocal ellipses 
(3.1) 
(3.3) 
(3.4) 
The solution !or this section (Fig. 2) involves the elliptic trans-
!ormation: 
x+iy • z • c cosh t z c cosh ( f +i 'l.) , 
x • c cosh ~ coe "\., 
y • c sinhJ sin'\• 
y 
:P'igure 2 
We may take the g> 'a to be o! the type: 
'}>1 • - (A1 cosh 2 f + B1 sinh 2J )sin 2ri_, 
'fa (B8 sinh2jsin2'\_l· 
The boundary conditions give: 
( 4 .1) 
(4.2) 
(4.3) 
(5.1) 
(5.2) 
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4d 1 A1 • C
2 (,U 8 - µi)(cosh 2a 1 - cosh 2a8 ), (6.l) 
4diB1 s c
2 ~1 (sinh 2a 1 - sinh 2a 8 ) - c8 )..l,.(sinh 2a 1 - cosh 2a2 coth 2a 8 ), 
(6.2) 
4d1 Ba • c
8 )J 1(csch 2a8 - i cosh 2a 1csch4a8 ) + c2 d1sech 2a 8 , 
where 
where 
- µ.(a1b1 - eaba)(4a1b1aaba - [a:+ ba 8 ] 2 l)] 
,V. 8na2 b8 ~M (a 4 + b4 ) + c8 µ.. 1(a2 2 + b2 2 - a 12 - b12 )] , 
M • (aa 2 + ba 8 )\4 µ1aaba(a1aa - b1ba)(b1aa - a1b8 ) 
. ·r a a a a 1 + µ 8 (a8 + b8 , ) (a 1 + b1 ) (a 8 + b2 ) - 4a 1b1aaba] 
( 6 . 3 ) 
(5.4) 
The torsional rigidity, D, has been determined by inserting the con-
stants defined by equetions (6.1), (5.2) and (5,3) into equations (5.1) 
and (5,2) and applying equation (2). The value or qi used in equation 
( 2) is easily obtained from the torsion function g> by the relationship 
tf.. 2 a 
'*' • 'V - ! ( x + y ) where \jl is the function conjugate to q> • 
It JJ., 1 • )J.a (Section completely isotropic) 
3 3 
D • nµa 1 b 1 
a1a + b1a 
Itµ • • 0 (Section is hollow) 
D "~1[ b (a 2 + b12 ) - a b (a 2 + b •) c 4 (a2b1 - a1b2J} • a1 1 1 a a a a - a1aa - b1b2 • 
These are known solutions. 
b) Sections bounded by eccentric circles, (Fig, 3) 
We make use or the transformation 
x+iy • z • c tan ~ t • c tan i-1 f +i '\.), 
c sin P 
x - cos )I + cosh "\ ' 
y • c sinh I'\ 
oos ~ + cosn '\. • 
In this case we take: 
<1'1 -
cp,. -
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t {Ausinh n '\ + B10cosh n "\.)sin n J , 
t. (Ausinh n 'l sin n ~ ) • 
y 
Figure 3 
The boundary conditions give: 
daAu • 2c
8 (-1) 0 ( ,u1 tenh naa - µ.coth Dctal!coth ct 1 e-nCI 1 sech nct 1 
(7.1) 
{7.2) 
(7.3) 
- coth ct 8 e-nCI•sech nct8 ), (7.4) 
daAaa • 4µ 1 c
8 (-1) 0 (ooth ct 1 e-001seoh Dct 1 - coth ct 8 e-nct•sech nct.)csch 2ncta 
(7.5) 
where 
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D • Zrrc • [ t. (-1) °coth ct 1 e-na 1 \ J.11 (A10sinh DCI 1 + B10cosh nct 1t iu,, t. (-1) a Au) 
·2rrc
2[f;
1
(-1) 0 coth Cl 8 e-llaa j,1.h[A10sinh nct 8 + B10 cosh nct 8 ) 
- µ.,A80sinh nct 8 1J - rrµ 8 c6 (osch11 ct 2}1 +teach" ct 8 l] . 
(7.6) 
It }J. 8 • o, the section becomes circular with en eccentric hole end 
cp. = Zc f. (-l)•[e-nct 1 coth ct 1 cosh n(cti.-'\l + e-nct•coth ct,.cosh n(t\-ct 2 )1 9in~, 
n" slnh n(ct 1 - Cla) T 
which is e well known result. 
c) Rectangular section 
For this section (J:l'ig. 4) the torsion tunctions end their constants 
ere tound to be the tollowing: 
386 L. E. PAYNE 
"' q> 1 • • xy + L (A10 sinh anY + B10oosh anYl sin a 0 x, (8.1) 
":o 
(8.2) 
where On = t (2n+l)n/a. 
v 
Figure 4 
The boundary conditions yield: 
(8.3) 
Aan • Bantenh OnC + L sech anc, (8.4) 
d .. B1 n • L'}J1 sech anc - ()J-1 - }v\ 8 )sech aobJ - µ,.{Au+ B0 tanh anb}, 
(8.5) 
where 
n+1 
L • 4a • ( ~) 3 ..J.:.ll_ 
n (2n+l) 3 
d 3 • JJ.a ftenh a 0 b tenh 0 0 0 - i} - µ 1 fcoth anb tanh one - il 
{8.6) 
- µ 1 tenh a 0 c\tanh a 0 c - tanh anb)- }Jatanh anc{tenh anc - coth anb}, 
end 
d" • µ 1 \tanh ano - tenh a 0 bJ. 
D • 2µ 1 [ 2;
3
(c - b) 
co a n 
+ l:: l~n1~t•n•(A1 n[sinh anO 
n •O 
- sinh an b] 
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<» ll J 
' 2a ( -1) ( ( b ] [ i b i h ] ) 
- L_ (2n+l)rr Aan b cosh a,. +c cosh aac + Baa b s nh a,. -o s n «aO • 
n• o 
It J.J. 1 • f-'-•• the solution becomes the known solution tor an isotropic 
rectangular section: 
f s 5 .. "' 1 D • u ~ -(!) a "°" tanh a8o ' 3 rr L ( 2n+I) • .... 
COMPOSITE SECTIONS (PART ISOTROPIC AND PART ORTHOTROPIC) 
The type or section treated here will in general consist or an outer 
boundary designated by C1 end en inner bow;dery designated by 08 (Fig . 5), 
The portion or the section ·between C1 end 0 11 will be isotropic with shear 
1nodulus }J. end torsion function <p The materiel inside C8 will be 
orthotropic with shear modulus j.A 1 in the x-direction, end JJ. 8 in the 
y-direction. The torsion function here will be designated as 'f 1• 
y 
Figure 5 
The boundary conditions to be satisfied ere: 
a • .rJ? 1 • O on C 1 • 
b . Acros s C8 , <p • <p 1 • 
c. Across 08 , l'.J'xz + m1'yz • (lTxz + m1'yzl1• 
where 
a 
\] ~ - o, 
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1. Completely orthotropic Sjlctions. 
For purposes or later comparison and in order to tecili tate the tormu.-
lation ot the composite section problems in this section, we will introduce 
some solutions tor completely orthotropic sections. 
a) Circular sections ot external radius a. 
<pi -~xy, )Ji+ Ma (9 .1) 
.. 
D • TT a Mi Ma (9.2) µi•µ. 
b) Elli ptic section with semi-major axis a, end semi-minor 
axis b. 
a a 
( M1b - )J. 8 a )xy, 
}J. 1 b
8 
+ }J 8 e 8 
c) Rectangular section (Fig. 6) 
~.rf1' 
y 
i 
c AA1 Lµ. 
-2.Cl 
Figure 6 
Q) 
'f1 • xy + L [Aosinh llaY + BoCOSh PnY] sin CloX, 
n•O 
The boundary conditions yield: 
Ao • Ha, 4e (2/n) (-1) ~ • s n+1 ')J.1 ( 2n+l) • 
Bo • I~ 4a8 (2/n) 3 (-l)o+ 1 (.1 - sech Poe 1. 
yµ 1 (2n+l) 3 \ tanh p0 c) 
)( 
• f.(2n+l)n/a 
.1/ih Cl rµ. a 
(10.1) 
(10.2) 
(11.l) 
(11.2) 
(11.3) 
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3 
D•4acµ 2 
3 
'fii":ii, ., n 
-
2
ec )J. Ma ~ ~ajA.cosh ~nc ,. Bnsinh ~ .• cl • 
n ~ (2n+ll I 
2 . Pa rtly isotropic end pertly orthotropic section~. 
e) Concentric circles. 
This type of section is represented in Fi gure 7. 
v 
Figure 't 
Let us assume: 
Then 
where 
~ • (A1 r + B1 )sin 28 , re 
f1 • A2 r sin 29. 
.. 
2d5A1 • e (µ 1 - µel 
.. 4 
2d5B1 2 e b · (µ 1 - µ el 
2d5A2 (}J. 1 - }.A 2 l(b"' + a
4 l, 
d5 • (b
4 
+ a.,l( }J. 1 + µ 2 ) + 2,U(b
4 
- a
4 l. 
For torsional ri gidity we obtain: 
.. 
(11.41 
(12.1) 
(12.21 
(12.31 
(12 .4) 
(12.51 
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1 .... 1TT8[ "(4. 4 ( 441 D • vnM(b - n l+ ;r;r,;-2µ 1 1"'a b +a ) +µ µ,_ +}-( 2 l(b -al. 
5 
(12. 6 ) 
Tf µ = O, the section becomes completely orthotropic and 
<p,_ • ( µ 1 - µ 2 l xy • 
(µ,,.+Mal 
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If µ 1 • µ 2 , the material inside 0 2 becoiaes isotropic end 
cp- o. 
These particular cases agree with those obtained previously. It 
may be noticed that the rigidity corresponding to the outside section is 
~ rrµ(b 4 - a 4 ) regardless of whether the inner section is isotropic or 
• 
anisotropic. 
b) Confocal ellipses (Fig . 8) 
Aga in we use the elliptic transforma tion given in· equa tion 4.1. 
v 
Figure 8 
We take <p and cp 1 ot the form: 
<p • - (A1 sinh 2; + B1cosh 2 j )sin 2 '\, 
'P1• A2 sinh 2 j sin 2 '\, 
The boundery conditions gi ve: 
(13.l) 
(13.2) 
C
8r [( ,U1 - µ.al - ( }J.1 + µ.)cosh 2a2] (cotn 2<12secn 20. 1] 
[ a • + 2µ sinh2a2 sech 2a 1 - 2j-l1sinh a 2 - 2µ 2 cosh a 2 + 2 µ)tanh 2a. 1 , 
(13.3) 
4d6B1 • c
2 [[(µ 1 -µ 2 ) - (JJ.1 +}..< 2 )cosh 2a.,. + 2).(cosh 2a 2 ]sech 2a 1 
- 2[JJ 1sinh 
2 
a 2 - µ 2 cosh
2 
a. + µ) 1 
.. 
A2 • i sech 2c. 1 + B1(coth 2u 2 - tanh 2a. 1), 
where 
+ 2µ (cosh 2a 0 tanh 2a 1 - sinb 2a 2 ] • 
" rrJJ.c [ a D • 16 c (sinh 4o 1 - sinh 4a 8 ) - 8A1 (sinh 2a 1 - sinh 2a 2 ) 
(13.4) 
(13.5) 
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(13.6) 
It f.J. 1 = µ 2 , the materiel inside C2 becones isotropic and the sol-
ution reduces to that g iven in Section A, problem 2a, and ifµ 1 =jJ- 2 .µ 
the <p-function reduces to the well knovm solution for a solid elliptic 
section. 
cl Rect anzuler section. 
The results are obt ained for t he case where th~ bound a ry C2 corres-
ponds to one of the exes (Fig. 9). 
In this case 9 and q> 1 e re taken of the form: 
<p = xy + 
Q) 2::: (A1 nsinh ~nY + B10 cosh 13nY]sin anx. (14.l) 
n•o 
'R • 00 xy + L [J..2 nsinh ttnY + B2 nCOSh Cl ny]sin anX• (14.2) 
n =- o 
'( 
Figure 9 
The boundary conditions giv e : 
d7A 1 n = L[f,u(sech a 0 c - l) + µ "Jtanh llnc + )J.1{tJf t enh anC cs ch O.ncJ, 
(14.3) 
d7A2 n = LU,U-}J,.(l - sech Pnc)~ tenh <1nC + Vµ 1 µ 2 tenh 13 n~ c s cl1 ttncJ 1 (14.4) 
d ,1B1n = d 7B2 n 
wllere 
a7 = )Jtanh ctnC +'[M1 f./.2 t e nh Bnc, 
and 
(l.4.5) 
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a 3 n+1 
L = 4e (2/n) (-1) 
(2n+l) 3 • 
4a 3 c ~ ~ (-l)n D • -3-(Me + µ) + e L T2ii+!"f•(B2 n + Aensinll <tnC - B2 ncosh <tnC) 
n n =o 
+ B10sinh ~.c). (14.6) 
For µ • O, the solution reduces to tha t tor the completely ortho-
tropic rectangular section. It JJ.1 • j.A 2 , we get the spec i e! c ase of 
problem 2c, Section ·A tor b • 0. It µ. 1 • JJ.. • µthe solution reduces 
to that tor e solid isotropic rectenguler beam. 
TABULATION OF TORSIONAL RIGIDITIF.S 
Discrepancies ere introduced in the torsional rigidities when we con-
sider composite sections either es completely isotropic or es completely 
orthotropic sections (Tables 1, 2, end 3). The value of the sheer modulus, 
µ , coI"responding to the isotropic section in these tables is taken to be 
the meen value ot the two sheer moduli ot the perticuler orthotropic 
materiel considered. 
Table 1 
Comparieon ot torsional rigidities tor berite cylinders of circular section 
µ -~~ 207.5 µ. 2~M,. 172.2 2 
.U1+Me 
e/b D1 /D 0 r;./n. L3 /Do D1/Do D2 /D 0 D3 /D 0 
0 .10 1.412 0.831 .999 1.700 1.000 1.000 
0.20 1.411 0.831 .997 1.699 1.000 1.000 
0.50 1.361 0.831 .994 1.640 1.000 1.010 
1.00 0.587 0.831 .831 0.707 1.000 1.000 
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Do • Torsional Rigidity tor the isotropic cese. 
a/b • Ratio ot the internal radius to the external radius. 
D1 • Torsional rigidity corresponding to equation (3.2). 
Da •Torsional rigidity corresponding to equation (9.2). 
D3 •Torsional rigidity corresponding to equation (12.6). 
6 • 6 8 
J.).1 • 293 x 10 dynea/cm ; JJ.• • 122 x 10 dynes/cm • 
Table 2 
Comparison ot torsional rigidities tor sweet gum wood cylinders 
ot circular section 
µ.-~- 141,500 µ,, ?Jb.M..a. • 137 ,000 
psi µ1+µ. psi 
a/b D1/D0 D2 /D0 D3 /D 0 D1/Do Da/D0 D3 /Do 
0.10 1.187 .967 l.000 1.227 l.000 l.000 
0.20 1.187 .967 1.000 1.227 l.000 1.000 
0.50 1.162 .ll67 0.999 1.202 1.000 1.001 
0.80 l.033 .967 0.991 1.070 l.000 1.002 
1.00 0.812 .967 0.967 0.840 1.000 1.000 
D0 • Torsional Rigidity tor the isotropic 
"->C O 
case. 
a/b • Ratio of the internal radius to the external radius. 
D1 • Torsional rigidity corresponding to equation (3.2). 
Da • Torsional rigidity corresponding to equation (9 .2). 
D3 = Torsional rigidity corresponding to equation (12.6). s.: 1 
'l a-;o '~ µ 1 & lt\8,000 psi; ).J. 2 = 115,000 psi. 
. t t ,j 
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1 The elastic constants for sweet gum wood as well as those tor various 
other types of wood have been obtained through the courtesy ot H.' v. March 
ot the Forest Products Laboratory, Madison, Wisconsin. 
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Table 3 
Comparison of torsional rigidities for berite cylinders of elliptic section 
µ: JJ~= 207.5 µ= 2·µ.,_µ 2 = 172.2 
2 µ,_+µ2 
b 1 /e 1 02/a,_ D1 / D0 D2 /Do D1 /D 0 D2 /D 0 
0.10 0.10 1.415 1.380 1.700 1.660 
0.10 0.50 l.360 1.380 1. 640 1.660 
0.10 0.80 1.075 1.380 1.295 l.660 
0.10 0.90 0.876 1.380 1.053 l.660 
0.10 1.00 0.587 l.380 0.707 1.660 
0.50 0.10 1.415 1.152 1.700 1.395 
0.80 0.10 1.415 0.912 1.700 l.095 
1.00 0.10 1.415 0.831 1.700 1.000 
D o = Torsional Ri gidity of the completely isotropic section. 
b1 /a 1 = Ratio of the minor axis to the major axis for external boundaries 
be/02 = Ra tio Of the major axis of C2 to the major axis of c,_. 
D:i. '.rorsionel Rigidity corresponding to equa tion (3.4). 
D2 Torsional Rigidity corresponding to equation (10.2). 
µ1 = 293; µ2 - 122. 
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1. Introduction. The problem ot determining the stresses in a semi-
intinite. body bounded by a plene, known as the "problem ot Boussinesq end 
Cerruti," has been the subject ot much research. 
Solutions tor particular problems have b~en determined · by various 
methods, e.g. series, reciprocal theorems, and Airy's stress function . The 
' 
Airy stress function reduces the problem to a biharmonic equation with given 
boundary conditions. (1) (2) 
Kolosoft and Muscheli~vili probably have been the first to use 
the complex function theory tor the biharmonic problem. Much work hos been 
done in the d·evelopment ot this method . An exposition on this and numerous 
(3) 
references have been given by I. S. Sokolnikotf. The complex function 
(4) 
theory hes been applied to the torsion proble~ by R. c. F. Bertels end 
(5) 
A. c. Stevenson. The latter has recently used it for a number of boun-
(6) 
dary velue problems pertaining to orthogonal curvilinear boundaries. 
Very tew solutions exist tor the extended Boussinesq problem when the 
plane boundary is replac ed by a surface ot finite curvature. It is pro-
posed here to determine the stresses in an infinite solid with a perebolic 
boundary. An exact solution in closed torm hes been obtained, 
2. Statement of Problem. The problem shell be treated as a two-
dimensional one and the infinite body taken as an infinite isotropic cyl-
inder vii th a pa rabolic boundary subjected to hydrostatic loading. 
The problem consists in determining a biharaonic solution satisfying 
the following conditions: 
i) The normal stress equals the hydrostatic pressure a l ong the load-
ed boundary end equals zero over the rest of the parabolic boundary; 
ii) The shearir.g stress equals zero over the entire boundary; 
1 This paper is part of the thesis submitted to the Graduate Faculty of Iowa State 
College in partial fulfillment of the degree of Master of Science. 
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111) All st~esses vanish et intinity. 
In this problem orthogonal parabolic coordinates ere required. A solu-
tion in curvilinear coordinates involves trenstormation~ ot (a) the bi-
harmonic equation, which is not always invariant under transformation like 
the harmonic equation, (b) the stress components, (c) the boundary con-
ditions. In some cases this is not too difficult end the Airy stress 
tunction '.t can be inferred from the transformed boundary condition, end 
(?) 
the stresses calculated trom the transformed equations. Recently Seth 
hes used essentially this method to discuss bending of plates or rectilinear 
end elliptic section. However, in generel, to determine the stresses in 
en infinite solid with a curvilinear boundary by this method would be in-
deed very difficult. In such caeca the complex function method is very 
convenient and has been recently used by e number of workers. For the 
parabolic boundary using parabolic coordinates the use of the stress 
function makes the problem almost intractable; therefore, the complex func-
tion theory method will be used to solve this problem. 
3. Comple! Function Method. By the use of the complex function theory 
the real solution of the biharmonic equation 
is given by 
2) .. 2) Vi .. x - 16 -- - 0 bzbz 
2X • z~{zl • z${z) • f(z) • t(zl. 
The important stress relations ere 
Adding these end changing i to -i gives 
1) "h - i 1JJ • ~·(z) + ~·(z) - * dt[z~•(z) + t•(zl). 
Therefore, the stress components can be folL~d in any system of orthogonal 
curvilinear coordinates when ~(z) end f(~) ere known. 
There ere certain restrictions on the function~. namely: 
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i) The stresses must be single-Talued, 
ii) Unless the region ls multiply-oonneoted, as in dislocation prob-
lems, the displacements JD,Ust also be single-Talued. 
4. Solution of-Problem. In parabolic coordinates 
• 1 • 
z - x + iy - t ~ - 8( ~ + i 7 ) ' 
x -
Thus, the curves ~ • constant end 7 • constant represEnt a ~ystem of 
orthogonal parabolas with common focus et the origin. (see Fig . 1) 
Yig . 1. Cross-section of Semi-infinite Isotropic 
Cylinder wl th Parabolic Bounde,.y Stressed by 
J1ydrostetic Pressure -- Parabolic coordinates , 
Using parabolic coordinates the pressure et any point r •/' on th~ 
boundary is 
Pe. 2 2 
p - r (b - 7 i. 
Therefore , the boundary conditions become 
1it -~ ( 
8 • ~= 1) 
- -p 2 7 - b ) over a• 
- 0 over t = e • 
11) ~? - 0 over t= a• 
iii) 
.?Jr - 711 - ~, - 0 as J-- 00 
Usins tbe Fourier intez rel theorem for en even function, 
F(?) • ~ 1=v f_:.'(u)cos V'J COB UV d~, 
" . ., I 
condition (i) cen be written es e single inteP,rel. 
-b < 7 .... b, 
'J' > b, 
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Now th.e boundary conditions are 
. " 
1 [:v //1. • a i) 
.fit - fT , _J.2 (u - b )cos v COS UV da. 
2) ~[~OS .V (bv cos bv - sin bv)dv r= a, v• over 
11) 1i7 - 0 over J • a, 
11i) ,.~ 
- .?;, = .1'i7 - 0 as J--
The p:oblem consists, therefore, or finding e biharmonic solution set-
isrying these conditions. In parabolic coordinates Equation (i) becomes 
3) J-. i J; ,i,,( 1 + h•(zl _ 1 ~ 1 dt'(zl rt - I~ • "' z v i" T d T - i d l' 
The complex functions ~(z) and f(z) are chosen or the rorm 
4) 
/
'"'2K -vt ~(z) - ;s (1 + vr )e dv, 
" 
5) f(z) • f'"'[A1(l+vt) + A8 t 2 + A0 ~·1e-vt dv. 
The quantity e-v, is taken in the integrand or Equation (4) so that the 
stresses vanish at infinity. The multiplying term (l+vt) is introduced 
so that ~(z) + ~·(z) is real. The integrand in r(z) is taken as en in-
-v t 
tegral polynomial in l , multiplied by e • It is round that no terms 
higher then 't3 are necessary to obtain en exact solution. 
Using these rorms or ~(z) and r(z) in Equation (3) gives 
c~s v 9 dv _ y [~e -vt dv 
a • • J -vt + Aa(V r -3v) + A,(v T -5vl'+3) e dv. 
From the boundary conditions (2i) end (2ii) 
7) ~f~os v;z 
f e-v Ii.(-• - --- T K ,, . T1 1 
where ~ • e + ~? , \ • e - i? . 
!'rom Eque'tion (7) it is evident that 
•> 
-va -4K~ ·v~(bv cos bv - sin bv) 
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• • [. J [. • 9) (a-i7) K + A1 v + Aa v (a+1?) - 3v + A3 v (a+i?) 
- 5v(a+i7l + 3}hta v7 • O. 
~quetions (8) and (9) give 
Kg Pg(sin bv - bv cos bv) 
2rre-vav2 
Aa • ~3 (4av - 5) , v 
K 2 2 
A 1 = ;5(12av - 4a v - 12) . 
Substituting these values into Equa tion ( 6) gives 
lo) i .._ ~ f:-v ( ~ - e l cos v7 (sin bv - bv cos bv)dv Jit - JJ' = - IT ./,, "- V 3 
401 
/
..,-v (!-el • 
+ 2 "g(e-fl e (cos vi) - i sin vi) )(s in bv - bv cos bv ) 
rr( f''. 7 ) o v I I 
[l&~ + l) + i1 (e - 'l]dv. 
Upon seperating the reel end i ciaginary perts Equation (10) yields the 
12) _ ~!L'._1~-v(~-a)cos v9 ( ~in bv - bv cos bv) cv 
n ( )'-+f) o v . 
+ ~ (at+7 ) (e-1) e sin VII (sin bv - bv cos bv)dv " a "/--v(J-B) 
Tl J2+ ?a " / v" 
Since 
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• /"'-v(~-a) 2Pg(:\+3 ) (s-tl e cos v7 isin bv - bv cos bv)dv 
n( ~ +? ) 0 v 
_ 2P~(s 1-r!J ;-:-v!t-slain v9 (:in bv - bv cos bv)dv 
n( + 7 ) " v 
Upon integrating the integrals, the stresses become 
14~ 'if z-Vg · {-[ba ;/ + ({~e)•][ten- 1 ~ + ten- 1 ~] 
+ ~ }+ {-t1P1[(f-a)~8~ie\"+72 l + l] 
(t-a)~ +(b-1)· r log a a 
<5-al + (b+jl 
(eJ+l)(~-a) ( ~-e[t -1 ~ + -1 b-17] }• 
+ ~"+y l 2 en Ff ten Va - b 
+
118 ~~an- 1 k!.:z + tani'.11 ~ i 72 j'• 7 ~r ~-a ~-a J 
15) ~{h[ -1 ~ -1 ~1 } . { r + l 2 ten + tan ~-11 - b 
(t-e) !a!'+ 27) 1 (~-a) + (b-7) { 
2 • 2 a} 
- ,.a a cg 2 a 
4( s +7) !t-a) + (b+pl 
1 6) 
+ (a~p:)(~;al f b- tr[tan- 1 ~ + tan- 1 Ve:H 
_ {r 2 tJ-al 2 (tan- 1~ + tan- 1 ~ l 
<(•i) ~a r a J 
It is of interest to examine the stress distribution along the line 
7 • 0 or, in other words , directly below the vertex of the pa rabolic 
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boundary. To do this a concrete example is teken: maximum depth of liquid, 
200 feet; maximum width, 600 feet. Therefore, a • 15 end b ~ 20. 
For this special case 
~7 • o, 
which shows tho stresses to be princl.pal stresse:i along }' ~ O. 
Tatle 1 shows the calculated values for ?t~• ~~· And 
.?Ji. - 777 )~ . Fig. 2 gives the graphical representation of the 
stress distribution tor this special ' case. 
TABLE 1 
Stress Distribution of Stresses Along I.ine J = 0 
For Pcrobola Wit h a = 15 and b = 20 
~ ~n/2 Pg ~11/2Pg ~,- ~ )n/2 Pg_, 
15 -314. 2 -314.2 0 . 0 
20 - 291 . 2 -1?8.5 - 102 .? 
25 - 230 .3 -122 .8 - 1 0? .5 
30 -185 . 0 -9?.0 - 88 . 0 
35 -151. 4 -?6 . 6 - ?4 . 9 
40 -124.9 - 66 .5 -58 . 4 
45 -105.B -5?.? - 48 .l 
50 -91.2 -53.0 · 38. 2 
60 -69.6 -40.6 •29 .o 
?O -55.6 -38.3 -1? . 3 
80 -4?.l -33.4 -13.? 
100 -29.0 - 25 . 0 • 4,o 
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Fig. 2. Stress Cistribution Along Line p· O tor 
?ere~ola with a • 15, b • 20. 
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